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Freely Drifting Swallow Float Array: August 1990 NATIVE 1 -.
Experiment (First Deployment)

G. L. D'Spain, W. S. Hodgkiss, G. L. Edmonds, and M. Darling. ,,/

Marine Physical Laboratory D
Scripps Institution of Oceanography

San Diego, CA 92152

ABSTRACT

Representative data collected by the Marine Physical Laboratory's (MPL) set of
Swallow floats during event 1 of the NATIVE 1 experiment are presented in this report.
The deployment location was in the northwest Atlantic Ocean around 31* 15.6' N, 74
53.2' W, almost 600 km east of Savannah, Georgia. Nine midwater Swallow floats were
deployed; two equilibrated at a depth of about 400 meters and the remaining seven were
staggered about every 100 meters starting at 1100 meters down to 1700 meters. They
were put into the water at about the geometric center of a triangle, whose sides were
approximately 6.5 km in length, formed by the three remaining floats which were teth-
ered to the 3180-meter-deep ocean bottom by 3.05-meter lines.

This report presents the Swallow float deployment positions both in plan view and
in depth, the other acoustic sensors in the experiment (the TSVLA, the VEDABS vertical
line array, and a set of sonobuoys of various designs), the known signal sources during
the experiment (the research vessels NADC 38 and Gyre, the ELF towed source, and the
SUS charges), a summary of the Swallow float log, and representative Swallow float
data. The Swallow float data are composed of a) general indications of data quality, b)
battery voltage, compass heading, and automatic gain control (AGC) measurements, c)
the 8 kHz acoustic localization ping arrivals, and d) the infrasonic acoustic data. The
infrasonic data include the RMS levels of the pressure and the three components of parti-
cle velocity for all floats over the whole duration of the experiment, selected pressure and
particle velocity time series, and selected pressure spectra and horizontai active intensity
spectra. A description of the Swallow float infrasonic data acquisition system, along with
calibration curves, is given in Appendix 1.

The Swallow float data set is of extremely high quality: 99.9 percent of the
recorded data passed data quality screening tests. However, a few problems, which had
only minimal impact on the quality of the data set, occurred. First, bottom-tethered float
11, which appeared !o operate flawlessly throughout the experiment, failed to ascend
upon recall and was lost. Second, float 4's infrasonic hydrophone somehow became
disconnected from its electronic circuitry before depoyment and recorded no usable data.
Finally, the sensitivity of float 2's hydrophone at the lowest infrasonic frequencies
apparently increased suddenly by 6 dB midway through the experiment.

A number of interesting features can be seen in a prelimiuar-y look at the dala.
First, the Swallow floats were clearly able to hear the 7, 10, and 16 Hz tones generated by
the towed ELF source; signal-to-noise ratios of' 15 dB or gieater are common. The direc-
tionality of the sound field at these three frequencies, as measured by the acti\e acoustic
intensity spectrum, shows the expected behavior; i.e., net energy [low away from the
source. Second, the two SUS charge events involved the detonation of" 22 and tS
charges, respectively, with a few detonations being recorded prior to the events. Third.
the T phase generated by an earthquake in the Leeward Islands of the Caribbean was
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recorded by all the floats. Fourth, the geophones in seven of the nine midwater Swallow
floats recorded disturbances of a non-acoustic nature; the two shallowest floats at 400
meters were especially affected. These non-acoustic disturbances may have been caused
by nekton near the floats. Fifth, a broad spectral peak at 0.47 Hz appears to be due to a
water-column resonance, i.e., the fundamental "organ pipe" mode. Finally, six acoustic
arrivals of unknown origin, each with about a 1 minute duration, were recorded by the
floats. They occurred at 16:49 Z, 20:20 Z, and 21:24 Z on 4 August, and 7:20 Z, 8:57 Z,
and 9:50 Z on 5 August. Their sources may be identifiable once further analysis of the
data is done.
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Introduction

The Marine Physical Laboratbry's (MPL) Swallow floats are independent, neutrally buoyant, and
freely drifting sensor systems. They are capable of measuring simultaneously the acoustic pressure and the
three orthogonal components of the acoustic particle velocity in the infrasonic frequency band from 0.2 to
25 Hz [1]. Figure 1 is a schematic drawing of a typical midwater Swallow float. Contained within a
0.432-meter-diameter glass sphere are the three orthogonally-oriented geophones for measuring infrasonic
particle velocity, a magnetic compass, and the necessary hardware and electrical power to record up to 20
hours of digitized data. Mounted outside of the float's glass sphere are the omni-directional ceramic hydro-
phone for measuring infrasonic pressure and the International Transducer Corporation (ITC) hydrophone
which is part of the 8 kHz localization system.

The Swallow floats were deployed twice during the August, 1990 NATIVE 1 (Noise And Transmis-
sion loss In VLF Environments) experiment [2]. This experiment marked only the second time in which all
the floats were equipped with both infrasonic hydrophones and geophones. The following table summar-
izes the time periods over which the Swallow floats recorded data.

Deployment Event Data Recording No. of Floats Deployed
Number Start Time Approx End Time (No. with Full Data Tapes)

1 1 16:30 Z, 4 Aug 11:30 Z, 5 Aug 12(11)
2a 3 10:00 Z, 10Aug 05:00Z, II Aug 2(2)
2b 4 04:00 Z, 12 Aug 23:00 Z, 12 Aug 9(9)

Note that in the first deployment, 12 floats were deployed but only 11 were recovered; a bottom-tethered
float, for some unexplained reason, could not ascend from the ocean bottom.

The purpose of this report is to present a preliminary analysis of the Swallow float data collected dur-
ing the first deployment, located around 31.30 N, 74.90 W. These data include the results of a general
screening for Swallow float data quality (Section IV), the battery voltage, compass heading, and automatic
gain control (AGC) measurements (Section V), the 8 kHz acoustic localization ping arrivals (Sections VI
and VII), and the infrasonic pressure and particle velocity data (Sections VIII, IX, and X). Before the dis-
cussion of the Swallow float data, the float deployment and retrieval locations (Section I), and a brief sum-
mary of the other components of the NATIVE 1 experiment (Section II), are given. Also, Section III gives
a summary o 'the Swallow float log during the entire NATIVE 1 experiment.

Note that all times given in this report are in Greenwich Mean Time (GMT), indicated by "Z". Local
Eastern Daylight Time can be obtained by subtracting four hours from GMT time.



I. Swallow Float Deployment Geometry

a) Plan View of the Deployment/Retrieval Positions

Figure 1.1 shows a plan view of the deployment and retrieval positions of the Swallow floats with
respect to point "D" (31@ 15.6' N, 740 53.2' W) in the first deployment (event 1). The scale of the axes used
in the plot is the same as that in the deployment geometry plots for previous Swallow float experiments.
Floats 9, 10, and 11 (indicated in the figure by "9", "A", and "B", respectively) were tethered to the ocean
bottom by 3.05-meter.long lines in a triangular pattern 6.5 km (3.5 nm) on a side. Float 11, the southern-
most bottom float, could not ascend to the surface and was lost. The nine freely drifting midwater floats
were deployed in a tight cluster near point D. The two shallowest floats, floats 0 -od 1 (at about 400 meters
depth) were recovered to the north of point D, whereas the deeper floats (between the depths of 1100 and
1700 meters) drifted to the southwest during the experiment.

For comparison, the plan view of the Swallow float deployment and retrieval positions with respect
to point "D2" (31 13.3' N, 74* 38.8' W) in the two parts of the second deploymeni (events 3 and 4) is
shown in Figure 1.2. The deployment positions are connected by solid lines. Floats 9 and 10, bottom teth-
ered by 6.3-meter-long lines, were deployed for event 3; their deployment positions are at the ends of the
northernmost line in the figure. The remaining floats, eight midwater floats and bottom-tethered float 8.
were deployed for event 4. All floats drifted to the south and southwest during the deployment. Note that
the scale of this figure is larger than in Figure 1.1; to show this, a triangle the size of the bottom float trian.
gle in Figure I.1 is plotted in Figure 1.2. In fact, the surface area encompassing the float deployment and
retrieval positions in this deployment is more than 6 times larger than the surface area encompassing any
previous experiment.

b) Deployment Depths

The true deployment depths of the Swallow floats as a function of time in the first deployment of the
NATIVE 1 experiment are shown in Figure 1.3. The set of horizontal dotted lines, starting at about 400
meters depth, are measurements of the float depths, obtained by converting the travel times of the surface
bounce arrivals to depth using the harmonic mean of the sound speed. (A discussion of this 8 kHz localiza-
tion data is given in Section VI). The following table provides a comparison between the planned deploy-
rnent depth and the average depth actually achieved for each of the floats.

Float Planned Deployment Actual Deployment
ID Number Depth (m) Depth (m)

0 300 415
1 300 393
2 1100 1121
3 1200 1213
4 1300 1330
5 1400 1481
6 1500 1580
7 1600 1531
8 1700 1671
9 bottom 3174

10 bottom 3186

The actual deployment depths of all floats except float 0 are s ithin 100 meters of the planned depth;, the
average difference is 59 meters. The shallowest seven floats equilibrated at depths deeper than planned,
whereas floats 7 and 8 equilibrated at shallovcr depths. These results arc excellent, especially since this
was the first deployment of the Swallow floats in the Atlantic Ocean.
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The lower horizontal axis of Figure 1.3 gives the record number in which the surface bounce detec-
tion was made, This axis is actually a measure of time elapsed since the synchronization of the floats at
08:30 Z, 4 August. Since each record is 45 seconds long, the conversion from record number to minutes is
made by multiplying the record number by 0.75. Each float was programmed to ping every 12 records; this
is the horizontal spacing between each of the dots in a given line. The waviness of the midwater floats'
dotted lines, due to their depths changing as a function of time, is probably indicative of the presence of
internal waves. Note that previous float deployments in the northeast Pacific Ocean have shown a larger
amplitude of float oscillation in depth (e.g., [3] and (41).

Also included in Figure 1.3 is a sound speed profile calculated using Generalized Digital Environ-
mental Model data [5] for 31.00 N, 75.00 W provided by Janice Boyd at the Naval Oceanographic and
Atmospheric Research Laboratory (NOARL) and an equation relating salinity, temperature, and depth to
sound velocity [6]. The upper borizontal axis of the plot gives the sound velocity in meters/sec.

The planned float depths in the second float deployment are plotted in Figure 1.4. The two bottom
floats 9 and 10 in the first part of the second deployment are marked by "X's in the plot. The remaining
nine floats for event 4 are floats 0, 1, and 2 at 300 meters, floats 3, 4, 5, 6, and 7 at 3100 meters, and
bottom-tethered float 8. The true deployment depths will be determined during a future analysis of these
data.

The midwater floats in the deployments are equipped with 3 orthogonally-oriented infrasonic geo-
phones as well as infrasonic hydrophones. The simultaneous measurement of the three components of
acoustic particle velocity and acoustic pressure permits a complete characterization of the sound field at a
given point in the ocean [7]. The bottom-tethered floats contain only a vertical component geophone and a
hydrophone since the horizontal geophone components are typically heavily contaminated by tether effects.

I I I I Noma
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IL Other Receivers, Known Sound Sources, and Environmental Data

a) Other Receiving Systems in the Experiment

Three other receiving systems were deployed near the Swallow float array during event 1 of
NATIVE 1. These were 1) the test, steerable, vertical line array (TSVLA) operated by the Naval Air
Development Center (NADC) in Warminster, Pa., 2) a versatile, experimental, data acquisition buoy sys-
tem (VEDABS) vertical line array deployed by personnel from the Naval Oceanographic and Atmospheric
Research Laboratory (NOARL), and 3) a set of air-launched sonobuoys of various designs deployed and
monitored by NADC. The TSVLA is a large aperture, vertical array of 21 hydrophones. It drifts freely in
the water column in order to reduce ocean-current-irduced self noise. Analog data are sent up an electrical
cable to a surface float which then transmits it to a receiving ship. The array motion is decoupled from that
of the surface float by sea anchors located on the array. Due to a weak surface float transmitter, the NADC
38 remained within a few kilometers of the array during event 1.

The VEDABS number I was deployed near site D just before event 1 and was equipped with a very
slow (= 0.2 inches per see), 28-track, analog tape recorder capable of continuously recording up to 156
hours of data. The vertical line array connected to the VEDABS was also large in aperture and it also con-
tained 21 hydrophones. (The additional 7 tracks available on the tape recorder were used for time code
recording, synchronization, etc). Two other VEDABS/vertical line arrays were deployed in NATIVE 1.
Number 2 also contained an analog tape recorder and was put near site D2. Number 3, actually an ADABS
(AEAS data acquisition buoy system), contained an experimental digital data acquisition system and was
not deployed until the 6th of August, after event 1 was completed. The following table lists the deploy-
ment times and locations of the three VEDABS arrays.

Deployment Times and Locations of the VEDABS Arrays In NATIVE 1
VEDABS Deployment Time Deployment Location
Number (Anchor Reached Bottom) (Determined by Ship Survey)

1 14:13 Z, 3 August 310 16.07' N, 740 52.43' W
2 22:43 Z, 3 August 310 13.35' N, 740 38.79' W
3 18:23 Z, 6 August 310 16.99' N, 740 53.57' W

As part of all five Swallow float experiments between 1987 and 1989, personnel from NADC have
co-deployed sonobuoys of various designs with the floats. Comparisons between the sonobuoy and Swal-
low float data have been made (e.g., [8]). Also, the table on p. 2 of [4] presents a sample listing of the
types of sonobuoy designs which have been used. The NATIVE 1 experiment was no exception; a number
of sonobuoys were air-deployed by NADC during the Swallow float recording period in events 1, 3, and 4.
In addition, sonobuoys were used to make acoustic signature measurements of the two research vessels in
the experiment, the Gyre and the NADC 38. The results of these acoustic signature tests, as well as the
deployment times and locations of the sonobnoys in the experiment, will hopefully be obtained from
NADC in the future.

b) The ELF Towed Source and the Gyre, the NADC 38, and the SUS Charges

As part of event 1 of NATIVE I, a low frequency source belonging to NADC was towed at a 400 ft
(121.9 mctcr) depth on a predominantly noilh-soutih course by the research vessel Gyre. Figure 11.1 shows
a plan view of the track of the Gyre during the Swallow iloat data recording period in event 1 (i.e., the 20-
hour period from 16:30 Z, 4 Aug to 12:30 Z, 5 ALio). The ship positions were obtained from the hand'. nt-
ten log kept by Paul Bucca aboard the Gyre. They are either GPS fixes when available or Loran-C fixes
otherwise; the large jmlnps in longitude in the ship track are due to a change in navigation method. The
locations in minutes are with reference to 310 N and 740 W. Both axes of the plot have a range of 45
minutes, with the length of the x axis decreased by a factor of 0.857 in order to account for the latitude of
the site. The triangle in the figure is formed by the bottoni-tethered Swallow floats and the stars indicate
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the locations of 14 expendable bathythermographs (XBT) deployed from the Gyre. The ship was located
to the north-northeast of the Swallow floats at the beginning of their recording period, it steamed across the
array to the south-southwest over a distance of almost 80 km, and then it reversed direction and returned
along approximately the same course. The large "*" in the figure marks the position of the ship at 8:20 Z, 5
August; it is referred to in Section Xe.

The towed source, called ELF (for Extremely Low Frequency), simultaneously transmitted a pair of
tones, either 7 Hz and 10 Hz or 10 Hz and 16 Hz, during three separate time periods in event 1. The track
of the Gyre during these three periods are plotted with solid curves in Figure IL1; the dotted curves indicate
the ship track during the two periods when the source was silent. The schedule of the ELF tone transmis-
sions, obtained from the LOFAR grams presented in Section X, is given in the following table.

Transmission Schedule of the ELF Source"
Frequency Swallow Float Time Ship Position at Start

Pair Record Interval Interval and End of Interval
7 and 640 to 16:30 Z to 310 27.46' N, 740 49.20' W to
10Hz 1121 22:31 Z, 4 Aug 310 05.25' N, 740 55.47' W
7 and 1280 to 00:30 Z to 300 57.74' N, 740 57.49' W to
10 Hz 1560 04:00 Z, 5 Aug 300 45.52' N, 750 00.35' W
10 and 1880 to 08:00 Z to 310 00.21' N. 740 55.75' W to
16 H-z end 12:30 Z. 5 Aug 31° 18.32'N, 74* 51.31' W

Note that the LOFAR grams indicate that for a short time at the end of the 10-16 Hz broadcast period, the 7
Hz tone was also being transmitted.

This data-derived schedule agrees well with the actual ELF deployment log given in reference [161.
The table below summarizes the information in [16] on the ELF transmission schedule and source level
during the Swallow float recording period in event 1.

Source Level for the ELF (dB re 1 p Pa @ 1 m)

GMT Time (Date) Frequency
7 Hz 10 Hz 16 Hz

16:30-22:30 (4 Aug) 164.1 166.1 off
00:30-02:42 (5 Aug) 164.2 166.2 off
02:42-04:00 (5 Aug) 164.2 -- > 163.2 165.2 off
08:00-08:08 (5 Aug) off 162.2 off
08:08-08:15 (5 Aug) off 162.2 162.8
08:15-08:26 (5 Aug) off 161.1 161.8
08:26-12:30 (5 Aug) off 160.1 160.8

Because of Ole depth of the source (122 meters ± 7 meters [161) with respect to the sound velocity
profile (re Figure 1.3), much of the source-generated energy arriving at the floats has interacted with the
bottom. This feature of the ELF-generated sound field is shown qualitatively by the ray tracing picture in
Figure 11.2. Only the rays leaving the source in a ± 20 degree interval about the horizontal are plotted.
Therefore, knowledge of the geoacoustic properties of the bottom is extremely important in modeling the
ELF acoustic field. The transmission loss of the ELF tones as a function of range to the Swallow floats will
be calculated once the locations of the floats as a function of time have been determined.

The personnel on board the NADC 38 were responsib!e for deploying the VEDABS array, the
TSVLA, and the Swallow floats. Because of a weak surface transmitter on the TSVLA array, the ship
remained near the float array during event 1. In order to remain as quiet as possible, either oie of both of
the ship's engines were stopped at intermittent times durng the experiment [NADC 38 engineering log].
However, ship maneuvering was necessary during certain periods (e.g., to remain close to the TSVLA and
to retrieve an air-dropped package) so that NADC 39-generated signals are present in the data. Therefore,
navigation informlation for this shil) xill be important n the interpretation of the Swallow float data. In
addition, acoustic signature tests using sonobuos vere conducted for both the Gyre and the NADC 38.
The results of these tests, as well as the navigation information, will hopelfully be provided by NADC in the
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future.
A number of SUS charges were air-dropped from P-3 aircraft during event 1. Swallow float time

series of the arrivals from these charge detonationm are discussed in part a of Section IX. A total of 22 deto-
nations were recorded in the first SUS event (from 22:50 Z !o 23:15 Z, 4 Aug) and 18 were recorded in the
second SUS event (from 23:49 Z, 4 Aug to 00:09 Z, 5 Aug). A few other SUS charge arrivals also appear
in the data. A SUS charge deployment log, including deployment times and locations, charge size, and
detonation depth, will hopefully be obtained from NADC.

c) Environmental Data

As shown by the stars in Figure II.1, a total of 14 expendable bathythermographs (XBT) were
deployed from the Gyre during the Swallow float recording period in event 1. All were Sippican model T-
5 XBTs, which have a maximum depth of 1830 meters. The following table lists the time and location of
these XBT deployments, as recorded in Paul Bucca's log.

The Gyre XHT Deployment Times and Locations in Event 1
XBT Number Deployment Time Deployment Location

1 16:50 Z, 4 Aug 310 26.50' N, 740 49.34' W
2 17:20 Z, 4 Aug 310 24.71' N, 740 49.86' W
3 17:40 Z, 4 Aug 310 23.47' N, 740 51.26'W
4 17:47 Z, 4 Aug 31- 23.04' N, 740 51.34' W
5 20:05 Z, 4Aug 310 14.51'N, 74 0 53.17'W
6 22:15 Z, 4 Aug 310 06.32' N, 740 55.12' W
7 22:25 Z, 4 Aug 31V 05.67' N, 740 55.34' W
8 00:05 Z, 5 Aug 300 59.29' N, 740 57.20' W
9 02:38 Z, 5 Aug 300 50.18' N, 740 59.47' W
10 04:20 Z, 5 Aug 300 45.75' N, 75' 00.46' W
11 06:36 Z, 5 Aug 30' 54.45' N, 740 57.39' W
12 08:40 Z, 5 Aug 310 02.91' N, 740 55.37' W
13 10:25 Z, 5 Aug 310 09.96' N, 740 54.29' W
14 12:30 Z, 5 Aug 31' 18:32' N, 74° 51.31' W

A wealth of other environmental information were also collected. The sensors used for this purpose
include expendable current profilers (XCP). a conductivity, temperature, depth (CTD) instrument, air-
launched XBTs (AXBT), a 3.5-kHz ocean bottom profiler, a National Data Buoy Center (NDBC) weather
buoy, a tropical oceanic global atmospheric (TOGA) meteorological buoy, and ship-mounted anemome-
ters. In addition, basic weather observations were recorded on both the Gyre and the NADC 38. Bruce
Gomes at NOARL is responsible for writing a reort on these environmental measurements. It will be
available in early 1991 [2].

Finally, radar surveys of surface shipping near the deployment site were conducted by S-3 aircraft
during the experiment. This information will hopefully be obtained from NADC.
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.I Summary of NATIVE 1 Swallow Float Log
Note: All times are in standard Greenwich Mean Time. To obtain local eastern daylight time, sub-

tract 4 hours. Also, all position fixes in which the minutes are given to three decimal places are Global
Positioning System (GPS) fixes; those to two decimal places are Long Range Navigation (Loran-C) fixes.

25 July 1990

Swallow float scientific party from the Marine Physical Laboratory in San Diego arrives in
Key West, Fla. for NATIVE I experiment. Personnel are Greg Edmonds, head electronics
engineer, Marvin Darling, head electronics technician, and Gerald D'Spain, postdoctoral
researcher.

28 July 1990

13:30 Finish checkout of Swallow float 1) acoustic release circuit, 2) acoustic transpond circuit, 3)
synchronization and writing of two records, and 4) localization pings by floats 0 and 1. All
floats are operating perfectly.

31 July 1990

20:00 The NADC 38 departs the NADC pier, Key West detachment, for the test site.

3 August 1990

00:00 Arrive at station "D", 310 15.6' N, 740 53.2' W. NADC personnel begin deployment of six
SSQ 57D sonobuoys in order to measure the acoustic signals of The NADC 38 and The Gyre.

4 August 1990

07:24 Begin checkout of floats for the 0830 synchronization time for event 1.
07:45 All float transponder circuits, acoustic release circuits, timed release settings, and OAR flash-

ers are operating properly.

08:30:00 Synchronously start all 12 Swallow floats for event 1. All floats' programs are running prop-
erly.

08:48 The floats are disconnected from the synchronization cable. Two complete localization ping
cycles are finished and all floats are pinging at the correct time. Float 7's localization ping
sounds different from the other floats' pings. A check of the Swallow Float Sea Assembly Log
shows that float 7's localization circuit has a 4400 p-p voltage, a level which may be too high.
The voltage level will be checked and possibly changed during float refurbishing between
events 1 and 3. Each float's radio beacon will be activated and checked at time of float
deployment.

09:29 Midwater float 8 deployed at 310 15.737' N, 740 52.715' W.

09:32 Midwater float 7 deployed at 310 15.724' N, 740 52.735' W.

09:34 Midwater float 6 deployed at 310 15.715' N, 740 52.772' W.

09:37 Midwater float 5 deployed at 310 15.700' N, 74° 52.820' W.

09:39 Midwater float 4 deployed at 310 15.636' N, 740 52.852' W.

09:42 Midwater float 3 deployed at 310 15.616' N, 740 52.867' W.
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09:44 Midwater float 2 deployed at 310 15.619' N, 740 52.889' W.

09:51 Midwater float 1 deployed at 310 15.591' N, 740 52.975' W.

09:55 Midwater float 0 deployed at 310 15.570' N, 740 53.003' W.

10:02 Begin VHF ADF radio check of midwater floats to determine if any floats have failed to des-
cend from the surface. No floats appear to be on the surface.

10:10 Depart for bottom float 9's deployment site.

10:29 Bottom float 9 deployed at 310 16.381' N, 740 55.153' W.

10:45 The OAR flasher on float 11 is not flashing; replace flasher.

10:59 Bottom float 10 deployed at 310 16.586' N, 740 51.047' W.

11:29 Bottom float 11 deployed at 310 13.399' N, 740 53.131' W.

12:30 The ship is now back near point D. Lower hydrophone into the water off the starboard side in
order to listen for the float localization pings and perform an acoustic survey of the float posi-
tions.

12:45 All floats' localization pings are audible.

13:49 Begin an acoustic survey of the float positions at 310 15.048' N, 740 54.044' W.

14:00 Finish acoustic survey at this ship position.

14:46 Have received a report that radio contact with the Test Steerable Vertical Line Array (TSVLA)
has been lost. Ship is returning to the TSVLA deployment site.

14:55 Closest point of approach to the TSVLA. NADC personnel begin to deploy kytoon.

15:15 Begin float acoustic survey at survey point 1, 310 16.77' N, 740 53.05' W Loran-C. Bruce
Gomes estimates that the Loran-C longitude fixes are offset from the GPS position fixes by
0.6' to the west,

15:58 Begin float acoustic survey at survey point 2, 310 15.07' N, 740 52.77' W Loran-C.

16:30 Probler's-continue with a weak radio signal from the TSVLA. Therefore, instead of leaving
the area, the NADC 38 will drift near the TSVLA. i.e., near site D, during event 1.

20:25 Begin to listen for float localization pings at 310 14.928' N, 740 56.107' W. All float pings are
audible.

23:25 Begin to listen for float localization pings at 310 16.291' N, 740 52.090' W. All float pings are
audible.

5 August 1990

10:05 Begin to listen for float localization pings at 310 15.922' N, 740 54.676' W. The pings for all
floats, except float 1, are audible.

11:33 Begin to listen for float localization piugs at 310 15.674' N, 740 55.511' W. All float pings are
audible. Float 1 appears to be the greatest distance from tie ship.

11:46 Slant range to float 1 is 8673 meters. Ship position is 310 15.729' N, 740 55.602' W.

15:25 Recover surface float on the TSVLA. Start to retrieve the TSVLA.

16:26 Acoustically survey the float positions.

16:45 Finish recovery of TSVLA and prepare to pass supplies to The Gyre.

17:28 Begin the process of rccovering the Swallow floats. Acoustically survey the flodt positions.

17:38 Acoustically release float 0.

18:14 Float 0 is on the surface since its radio beacon sigiial is detected

18:44 Recovcr float 0 at 310 17.870' N, 740 52.313' W. Its program .., still running.
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18:54 Acoustically release float 1.
19:45 Float 1 is on the surface.
20:13 Recover float 1 at 310 19.407' N, 74 52.076' W. Its program is still running.

20:56 Acoustically release float 2.
20:59 Acoustically release float 3.
21:00 Acoustically release float 4.
22:25 Float 2 is on the surface.
2227 Float 4 is on the surface.
22:56 Recover float 2 at 310 14.204' N, 740 54.226' W. Its program is still running.
23:00 Float 3 is on the surface.
23:12 Recover float 4 at 31" 13.770' N, 74* 54.218' W. Its program ;i still running.
23:30 Recover float 3 at 310 13.364' N, 74* 54.409' W. Its program is still running.
23:47 Acoustically release float 5.
23:48 Acoustically release float 6.
23:51 Acoustically release float 7. Note that float 7 does not appear to be issuing the long-duration

ping which floats generate after release. However, the change with time in the slant range to
float 7 is consistent with it ascending to the surface.

6 August 1990

01:40 Float 5 is on the surface.
01:45 Float 6 is on the surface.
02:15 Recover float 6 at 310 13.204' N, '740 54.967' W. Its program is still running.

02:26 Recover float 5 at 310 13.112' N, 740 54.824' W. Its program is still running.

02:42 Float 7 is on the surface.
02:50 Acoustically release float 8.
02:51 Acoustically release float 11.
03:10 Recover float 7 at 310 12.968' N, 74* 55.021' W. Its program is still running.

04:43 Float 8 is on the surface.
05:20 Recover float 8 at 310 13.006' N, 740 54.641' W. Its program is still running.
05:30 The slant range to float 11 is 3838 meters. The float does not appear to be ascending to the sur-

face, even though it is issuing a long-duration ping.
05:41 Acoustically release float 9.
06:20 The slant range to float 11 is 3207 meters.
06:29 The ship position is 310 13.227' N, 740 53.376' W.

07:00 Float 11 appears to still be on the bottom. This float's galvanic time release (GTR) will cor-
rode around 20:30, 6 August (plus or minus 3 hours) and its timed release is set for 7 August,
07:00.

07:34 Acoustically release float 10.
08:58 Recover float 9 at 310 16.040' N. 740 54.794' W. Its program is still running.
10:40 Float 10 is on the surface.
11:19 Recover float 10 at 310 16.479' N, 740 51.147' W. Its program is still running.

21:31 Slant range to float 11 is 3198 meters and the slup position is 31° 13.401' N, 740 53.279' W.
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22:31 Begin to refurbish float 10 for the second deployment.

23:30 Check slant range to float 11; it still is not ascending.

7 August 1990

02:50 Check slant range to float 11; it still is not ascending.

03:00 Quit refurbishing float 10 for the evening.

04:15 Check slant range to float 11; it still is not ascending.

10:.40 Check slant range to float 11; it still is on the bottom.

10:45 Resume refurbishing of float 10.
12:17 For the second and third deployments, the tether lines for the bottom floats will be increased

from 10 ft (3.05 m) to 20.7 ft (6.3 m) and a second GTR. in addition to the GTR connecting
the float base plate to the tether, will be placed 8 in. (0.20 m) from the anchor. The longer
tether line will hopefully prevent the 8 kliz transducer from becoming entangled in debris on
the ocean bottom and the second GTR will prevent the entanglement of a bottom float in its
tether line from allowing the float to ascend to the surface.

12:28 Finish refurbishing float 10.

12:45 Begin refurbishing float 9 for the second deployment.

16:12 Finish refurbishing float 9.

16:25 Begin refurbishing float 0 for the third deployment.

19:40 Finish refurbishing float 0.

19:45 Begin refurbishing float 1.

21:23 Check range to float 11. It is still on the bottom.

2245 Finish refurbishing float 1.

8 August 1990

10:00 Observe the day counter decrement by one for the floats which have already been refurbished.

10:20 Check range to float 11. It is still on the bottom.

10:34 Begin refurbishing float 2.

12:45 Finish refurbishing float 2.

13:10 Begin refurbishing the deep (3100 meter) iridwater floats for the third deployment. These five
floats, floats 3, 4, 5, 6, and 7, will be equipped with extra 2-lb ballast weights connected by 6-
hour GTRs in order to speed their descent to equilibrium depth. Begin refurbishing float 4
first; floats 3 and 5 will be refurbished last since their infrasonic hydrophone data acquisition
systems recorded unusually low pressure autospectral levels in the July, 1989 Downslope
Conversion expCriment.

15:20 Finish refurbishing float 4.

16:08 Begin refurbishing float 6.

18:48 Finish refurbishing float 6.

18:50 Begin refurbishing float 7. Because of an odd-sounding localization ping, the transformer set-
ting is changed so that a lower voltage is applied to the localization hydrophone for pinging.
In the battery c:hcck, the transponder voltage is aonmalously low.

20:35 A quick battery recharge is begun for the four batteries in the transponder circuit.

21:23 Stop the quick battery recharge for the four battcnes in float 7"s transponder circuit. Circuit
voltage has increased.
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21:30 Begin long-term battery recharge for float 7's transponder circuit batteries.

22:19 The voltage from float 7's transponder circuit batteries is not increasing. A faulty battery cell
is suspected. Since the three remaining battery cells appear to be good, the float will be
deployed anyway.

2220 Stop the battery recharge for float 7's transponder circuit batteries.

23:18 Finish refurbishing float 7.

9 August 1990

11:10 Check the day counter setting for the floats which have already been refurbished. All settings
are correct except for float 6; its day counter is not decrementing since its clock alarm was not
set during refurbishing.

11:52 Begin refurbishing float 8. It will be reconfigured as a bottom float, i.e., its horizontal geo-
phone components will be shorted out and 18 dB of gain will be removed from the vertical
geophone component data acquisition system.

1215 Check range to float 11. It is still on the bottom and so appears to be lost forever.

13:10 Finish refurbishing bottom float 8.

13:16 Begin refurbishing float 3.

15:25 Finish refurbishing float 3.

16:25 Begin refurbishing float 5. Replace OAR flasher holder on float 5. If the flasher holder was
already broken prior to the first deployment, then this new holder will result in the float equili-
brating at a depth greater than the desired 3100 meters.

17:50 Finish refurbishing float 5. All eleven Swallow floats are now ready to be redeployed.

17:55 Check whether all floats are powered down and whether their day counters are properly set.
Everything is okay except for the day counter on float 6.

10 August 1990

01:00 Prepare to synchronously start all three bottom floats, floats 8, 9, and 10, for the second
deployment. If float 9 and 10 operate properly, then float 8 will be powered down and used for
the third deployment.

02:00:00 Synchronously start floats 8, 9, and 10 for the second deployment. All three floats are operat-
ing properly.

03:23 Deploy float 9 at 310 13.495' N, 740 40.138' W.

03:52 Deploy float 10 at 310 13.072' N, 740 37.478' W.
03:57 Power down float 8.

04:15 Check localization pings from floats 9 and 10.
11:30 Check localization pings from floats 9 and 10.

11 August 1990

11:41 Check whether the remaining nine floats are powered down and %% hether their day counters are
correctly set. All is nomlal except for the day counter for float 6.

19:00 Begin preparation of nine remaining floats for the thid deplo mcnt. They will be snchro-
nously started at 20:00 Z, one hour earlier than in the test plan. The difference of 42 hours
between this new synchronization tune and the s nchronization time for the second deploy-
nient is an integral multiple of 9 minutes. Therefore, the localization pinging of floats 9 and 10
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in the second deployment will be synchronized with the pinging of floats 0 through 8 in the
third deployment.

20:00:00 Synchronously start the nine remaining floats for the third deployment.

20:06 All floats are operating properly and are ready for deployment.

20:30 Deploy float 7 at 31u 08.957' N, 740 39.985' W.

20:40 Deploy float 8 at 310 09.494' N, 740 39.803' W.

20:50 The ship hit float 6 during the attempt to deploy the float at 20:41, causing the external ballast
to break off. Recover the float at 20:48 and begin to refit the float with a new ballast. Float 6's
new ballast is a modified version of the original ballast for float 8 for the third deployment,
before float 8 was reconfigured as a bottom float in order to replace float 11.

21:05 Finish attaching the new ballast to float 6. The float is now ready to be redeployed.

21:17 Deploy float 2 at 31V 12.355' N, 740 39.021' W.

21:26 Deploy float 1 at 310 12.260' N, 740 38.470' W.
21:50 Redeploy float 6 at 31" 09.390' N, 740 39.862' W.

22:36 Deploy float 5 at 310 12.65' N, 740 41.47' W (Loran-C fix).

22:50 Float 2 does not appear to be sinking since the VHF ADF detects its radio beacon signal. After
attempts to locate the float, it was decided to wait until after sundown, when the float's OAR
flasher will be visible. The other floats will be deployed during the remaining daylight time.

23:31 Float 2 is no longer on the surface since its radio beacon signal is not present.

23:59 Deploy float 0 at 31* 13.681' N, 740 39.951' W.

12 August 1990

00:27 Deploy float 3 at 310 13.136' N, 74* 38.168' W.
00:40 Deploy float 4 at 310 13.073' N, 740 37.628' W.
01:04 Begin to listen for the floats' localization pings. The pings for floats 0 and 7 cannot be

detected.

01:13 Begin an acoustic survey of the floats' positions. The acoustic responses of all eleven floats
are detectable.

02:21 Begin to listen again for the floats' localization pings. Only the ping for float 7 cannot be
detected. it must be too weak due to the low transponder circuit voltage.

10:51 Begin to listen again for the floats' loca:ization pings; only float 7's ping cannot be detected,

15:56 Begin a survey of the floats' positions: transpond off each float immediately after hearing its
localization ping so that survey will not contaminate the localization data. All except float 7's
response is detectable.

13 August 1990

00:13 Begin a survey of the floats' positions the response of floats 1, 4, and 7 cannot be detected.
01:30 Begin another survey of the floats' lositions; the response of floats 4 and 7 cannot be detected.

02:03 Acoustically release float 0.

02:18 Release float 1.

02:33 Release float 2.

02:43 Float 0 is on the surface.

03:16 Recover float 0 at 310 05.05' N, 740 48.555' W. Its programn is still running,
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03:17 Float 1 is on the surface.

03:56 Recover float 1 at 310 03.272' N, 740 48.745' W. Its program is still running.

04:21 Recover float 2 at 310 02.624' N, 740 48.002' W. Its program is still running.

06:27 Conduct another float survey. The response of float 4 is finally detected at a slant range of
16431 meters.

07:53 Recover float 9 at 310 12.038' N, 740 41.125' W. Its program is still running. This float's
GTR must have corroded prematurely.

09:02 Release float 3.

09:03 Release float 5.

09:14 Release float 4. Its slant range is 13586 meters.

12:37 Float 4 is on the surface.

13:04 Recover float 4 at 300 57.726' N, 740 34.500' W. Its LED display shows '0", possibly indi-
cating that the program was stopped by the acoustic release command.

13:07 Float 5 is on the surface.

14:24 Recover float 5 at 31° 01.874' N, 740 42.403' W. Its program is still running.

16:24 Recover float 3 at 31° 03.475' N, 740 36.651' W. Its program is still running.

17:27 Recover float 10 at 310 09.247' N, 740 37.871' W. Its program is still running. This float
probably released on its timed release command, ,Ithough it's possible that its GTR also cor-
roded earlier.

17:59 Release float 8. Float 6 will be used as a tracer for float 7 since the latter float's acoustic local-
ization circuit does not appear to be operating.

18:40 After monitoring the slant range to float 8, it does not appear to be ascending. It may be
trapped on the ocean bottom, similar to float 11 in the first deployment. Hopefully, the corro-
sion of either (or both) of the two GTRs along float 8's tether line will allow the float to
ascend.

18:46 Attempt to release float 7.

18:48 Release float 6.

19:15 In transit to the estimate of float 6's recovery position, float 7's radio beacon signal is detected.
This float will be recovered first.

20:00 Recover float 7 at 310 02.506' N, 740 47.588' W. Its program is still running.

22:43 Recover float 6 at 310 02.803' N, 740 45.429' W. Its program is still running.

23:00 Begin transit back to bottom float 8's deployment position in order to wait for its GTRs to cor-
rode.

14 August 1990

00:09 Recover float 8 at 310 08.115' N. 740 40.226' W. Its program is still running.
14:38 Slant range to float 11 is 7616 meters and the ship's position is 310 16.353' N, 740 51.431' W.

The float is still functioning properly, but it is still on the ocean bottom.
14:45 Begin to remove the Swallow float data tapes from the second and third deployments.

20:50 Finish removing the data tapes from the 11 floats. All floats appear to have written full data
tapes in all three deploymeius.
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IV. Swallow Float Data - General Indication of Data Integrity

After being synchronously started and spending about a half second in performing an initialization,
each float begins to accumulate data into a temporary buffer. Once 44 seconds of data have been accumu-
lated, they are written to cassette tape during a one-second period in which no data are gathered by the
float. This 45-second cycle, called a record, is repeated until the cassette tape is filled. In experiments con-
ducted since 1989, the floats have been programmed to skip the writing of the first 640 records (8 hours) of
data to tape in order to provide time for them to equilibrate at depth. Each record is composed of 9766
bytes. Appendix 1 of reference [3] contains a description of the format of the record, along with a com-
parison with the old record format used with geophone-only-equipped floats. The cassette tape can store
up to 1600 records.

a) Data Quality Screening Results

The first step in the analysis of the Swallow float data is to scan all the floats' data files with a general
screening program. This program checks each record for the proper location of resynchronization charac.
ters and the proper sum of byte values in a group prior to a checksr:in. The output from the screening pro-
gram is given in Figure IV.1. Note that the cassette -tape-reading program attaches a zero -byte record with
the same internal record number as the last record on the cassette tape onto the end of each float's data file;
this allows the number of internal records to be determined. For example, float O's last-written record was
internal record number 2238. (The record number listed in the left-most column is assigned by the screen-
ing program itself). Since the internal record number begins with record 640, due to an 8-hour delay in
data recording after float synchronization, float 0 wrote 1599 records onto tape.

An unusual situation occurred in float 10's data. Two records with zero bytes were written, the first
with internal record number 2188 and the second with internal record number 2198. This may have been
caused by a gap in float 10's cassette tape. That is, the transcribing program may have written the first
zero-byte record upon encountering the gap, and then the second one was written upon reaching the end of
tape. However, an examination of the data suggests that those records after record 2188 may have been
written in a previous experiment.

The number of errors detected by the screening program is typical of that in other Swallow float
deployments. For the data recorded by the I1 floats, only 0.1 percent of the records did not pass the data
quality bcreening tests. Some of these errors may be correctable by making adjustments to the Swallow-
float-cassette-tape-to-magnetic-tape transcribing hardware.

b) Unique Aspects of Certain Floats in this Deployment

As in all experiments, unexpected events occur which may affect a float's data. The following table
is a listing of some of the unique aspects of given floats in this deployment. The data demonstrating these
unique aspects are discussed in later sections.

Unique Aspects of Given Floats

FLOAT COMMENTS

1 Its geophone data are extensively affected by non-acoustic disturbances.

I and 7 Small leaks of the oil encasing the elec,ostrictive material in the infrasonic ceramic hydro-
phones on these two floats were discovcred after the NATIVE 1 experiment.

2 The tape-recorder-gcnerated contamination at the beginning of each record is signlicantly

greatevr than in prev ious deployments. Also, the .spectral levels around 5 Hz and below In ithL
hydrop ione channel increase ralher suddenly around record 1520 and continue to slowly
increase for the duration of the expermnent. No corresponding increase is seen in any other
channel's data.
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3 and 5 These floats' infrasonic hydrophones still stiffer from an as-yet unexplained decrease in sensi-
tivity with decreasing frequency.

4 The infrasonic hydrophone on this float did not function.

7 The localization ping issued by this float sounded unusual.

10 The last 10 records appear to be data recorded in a previous experiment.

11 The float appeared to operate perfectly during event 1, but for some unknown reason, it could
not ascend to the surface upon recall and was not recovered. It continued to issue localization
pings for the full duration of NATIVE 1.
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V. Battery Voltage, Float Heading, AGC Level, and Percentage of Clipped Points

The battery voltage, the compass reading, and the automatic gain control (AGC) level, measured
once during each 45-second record, are plotted in Figures V.1 through V.1 1 for all Swallow floats.

a) Battery Voltage

The battery level for all floats remained constant at slightly more than 6 volts. In fact, the power
supply is probably sufficient for four or five deployments without a battery recharge. The duration of the
floats' deployment is instead determined by their tape recording capacity.

b) Float Heading

Installed on the inside of each of the Swallow float glass spheres, at the sphere's south pole, is a
compass for determining the orientation of the sphere, and, thus, the orientation of the float's horizontal
geophone components with respect to magnetic north. The compass heading during each 45-second record
is shown in the middle plot of Figures V.A through V.11. The floats typically twist back and forth at a
characteristic period of between 25 minutes to an hour once they stabilize at depth. The amplitude of the
twisting is on the order of ± 50*. However, a low frequency component of float 3's twisting had an unusu-
ally large amplitude of ± 2700. The twisting is believed to be caused by current shear and/or rotation due
to the vertical motion caused by internal waves. Occasionally, a rnidwater float undergoes a complete rota-
tion after stabilization. For example, float 7 underwent two complete rotations between records 1600 and
2000. In addition, float I performed a rapid rotation around record 1400; this rotation coincided with a
decrease in the float's AGC level, as discussed in Part c of this section. As observed in previous deploy-
ments, the midwater floats' headings appeared to stabilize at about 300' to 3600 near the end of the experi.
ment (float 3 may be an exception). The force responsible for this.stabilization is believed.to be due to the
interaction of a small, intrinsic magnetic field of the float, possibly due to the permanent magnets inside the
geophone's components, with the earth's magnetic field.

The compass heading information is used to rotate the horizontal geophone components so that the
+ y axis points to true north and the + x axis points to true east. To do this, the variation of true north from
magnetic north, about + 90 in this experiment, is obtained from a navigation chart of the deployment area.
A float heading time series which is sampled at the same frequency as the infrasonic data is calculated by
linearly interpolating between the headings recorded at the beginning and end of each Swallow float data
record.

The compass headings for the two bottom-tethered floats, floats 9 and 10, usually remained approxi-
mately constant or vaned slowly due to the constraining effects of the tether and the prevailing ocean
current. However, around record 1900, float 10 l)erformed two complete rotations. This period of large
change in the bottom float's heading was probably caused by changes in the ocean current direction. Note
that near the end of float 10's recording period, the heading jumped more than 2000 to 3400 and remained
fixed for the remainder of the deployment. This may indicate that the compass became stuck; the Swallow
float compasses can only withstand a tilt of 30 from vertical before sticking. However, as mentioned in the
previous section, these data also nmay h ave been written in a previous experiment.

c) AGC Level

The AGC is a variable gain amplifier, with a range of 0 to 36 dB gain, which allows the full dynamic
range of the cight-bit A/D converter to be used. The AGC gain always changes by approximately 0.5 dB
steps between records. Aiter a live-second delay ii the record, if more than 0.5 percent of the points .sna-
pled on all components are clipped, then the AGC decreases by 0.5 dB. Otherwise, it increases. Because
of the slow adjustment time of the AGC gain, amplitude infoniation for large impulsive arrivals cannot be
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obtained.
The bottom plot in each figure shows the automatic gain control (AGC) level during every 45-second

record. For floats 0 and 2 -8, these plots are quite similar in appearance. Therefore, the AGC plot for float
2 will be used as reference in the following discussion.

The large dips in gain centered near records 900 and 2175 are due to the passage of the Gyre over the
top of the array: the first one occurred as the ship steamed towards the south and the second one resulted
from its return (re Figure ILl). Just prior to, and shortly after, record 1200, the two SUS charge events
caused decreases in the gain. Another decrease occurred at the end of the Gyre's leg 1, around record
1570. Between records 1580 and 1780, the AGC gain is stable and at its highest level in the deployment.
During this time, the Gyre was at its greatest distance from the array, the ELF source was not broadcasting,
and the NADC 38 was drifting quietly so that ambient sound field measurements could be made. Finally,
just before record 1900, the ELF began broadcasting 10 Hz and 16 Hz tones simultaneously (re the table in
Section I1b), resulting in a net decrease in gain of a few dB.

The appearance of float l's AGC gain plot between records 1200 and 1800 is quite different from
that of the other midwater floats' plots. Large dips in gain occur due to signals recorded by this float's geo-
phones. Since no corresponding signals appeared in either float l's hydrophone data or in the other floats'
data, then the signals must be non-acoustic in nature. These signals are discussed in Section IX, where it is
suggested that they result from biological activity near the float.

The differences in bottom floats' 9 and 10 AGC plots from the other floats' plots are due to another
cause; contamination by tether effects. Even though 18 dB of gain was removed from the bottom floats'
vertical geophone channel prior to the experiment, tether contamination can still be sufficiently large to dic-
tate the AGC level. If the horizontal geophone components on the bottom floats had not been disconnected,
the effect of tether contamination would have been even greater, causing a loss of resolution in the hydro-
phone data. Note, however, that float 10's AGC level appears to be free of tether contamination between
records 1450 and 2000.

d) Percentage of Clipped Points

For the four data acquisition channels, the percentage of points which* are clipped in each record are
plotted in Figures V.12 through V.22. The horizontal axis scale used in these plots matches the scale used
in the previous plots of this section. The data plotted here are actually the controlling factor in determining
the AGC gain discussed previously; the sum of the percentage of clipped points over all four channels dic-
tates whether the AGC level increases or decreases by 0.5 dB.

Except for a few periods of short duration, the utimber of clippped points is less than two percent.
The hydrophone channel usually suffers from a greater degree of clipping than the geophone channels
since the sensitivity of the hydrophone plus the fixcd gain in tile hydrophone channel is about 4 dB greater
than that in the geophone channels (-182 dB re 1 V/,ttPa + 80 dB for the hydrophone versus about -201 dB
re I V/,Pa + 95 dB above 8 Hz for the geol)hones; re Appendix 1). The usefulness of these figures is in
determining times when the spectral estimates cannot be trusted due to contamination by clipping. For
example, float l's geophone data are severely contaminated between records 1200 and 1800, whereas the
other midwater floats' data are relatively free of contamination. Similarly, spectra involving the z axis geo-
phone data from float 9 between records 1250 and 2000 and those frim float 10 between records 1050 and
1400 are probably not usable.
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VL The 8 kHz Surface and Bottom Bounce Data

Each Swallow float possesses an 8 kHz hydrophone suspended 1.83 meters below its glass sphere
(see Figure 1). The source strength of the hydrophone is 192 dB re 1 giPa at 1 meter. The floats periodi-
cally transmit and receive 10 msec acoustic pulses with a carrier frequency of 8 kHz in order to measure
interfloat and float-to-surface acoustic travel times. The floats take turns pinging, with a given float
transmitting 10 seconds into each 45 second period. For 12 floats, the period of cycling through all floats
once is therefore 9 minutes.

Figures VI.1 through VI.1 1 are plots of each float's record of issuing its own pulses and receiving the
subsequent returns from them. These plots show the raw data used to create Figure 1.3. The vertical axes
in the figures have been scaled from travel time to distance using 1500 m/s for the speed of sound in water.
(Note that the float depths in Figure 1.3 were calculated using the actual harmonic sound speed, and there-
fore are more accurate estimates of the true float depth). The horizontal axes are in units of Swallow float
record number, but may be converted to elapsed experiment time using the conversion factor of 80 records
per hour.

For the midwater floats, reflections are received primarily from the ocean surface, indicating the float
depth. Variations in the arrival time of these reflections after the float has equilibrated in depth are indica-
tive of the presence of higher-frequency internal waves. The higher-frequency internal wave activity in
this experiment appears to be weaker than in previous northeast Pacific Ocean deployments, as mentioned
in Section I. The equilibrium depths of the floats are controlled by the weight of the float release ballast,
which must be carefully determined for each float p.ior to deployment. Equilibrium depth is an extremely
sensitive function of ballast weight, i.e., a 1 gram change in ballast corresponds to approximately a 10
meter change in equilibrium depth. The compressibility of the float components as a function of depth
must also be taken into account. Finally, an accurate density-versus-depth profile for the experiment loca-
tion must be available. For these reasons and considering the fact that this experiment was the first Swal-
low float deployment in the Atlantic Ocean, the agreement between the planned and achieved float depths
is excellent.

A surprising result from these data is that the two shallowest floats, floats 0 and 1, appear to get shal-
lower in depth over the duration of the experiment. This has not been observed before. In previous
deployments, the floats have tended to become deeper over time since their average density increases as
they equilibrate in temperature with the surrounding, colder ocean. One possible explanation for the results
in this experiment is that the floats moved into an area with a greater water density at 400 meters, making
them more buoyant. The resulting horizontal density gradient must have been dynamically supported
somehow, e.g., by current flow. The fact that these two floats moved to the north by more than two nauti-
cal miles during the experiment, whereas the deeper floats moved to the southwest, may indicate the pres-
ence of such a current flow. Alternatively, the floats may have remained at a constant depth, but only
appeared to move upward because of a change in the shallow water temperature structure. That is, they
may have moved into an area with a warm water lid, resulting in a higher sound speed and therefore an
apparent decrease in depth.

Intermittent reflections from the ocean bottom are also recorded, for example, the two sets of returns
between records 1600 and 2200 and between 3000 meters and 3600 meters in float O's data (Figure VI),
and the weak arrivals in float 8's data (Figure VI.9) which occur just prior to the surface reflection. In pre-
vious experiments, reflections from another float's glass sphere occassionally have been received. Rever-
berations after the initial pulse issuance are due to temperature-dependent resonance of the floats' glass
shell [1] (the glass shell appears to be resonant at 8 kHz, the carrier frequency of the acoustic pulses)
and/or depth-dcpendent volume scattering. Reverberalion, after the surface reflection amval are also
caused by scattering from the sea surface. The amount of reverberation is also dependent upon the amnbient
ocean noise level (the range pulse detector citcuat compares tie level in a 200-Hz band centered at 8 kH to
that in a broader band, 2 kHz, centered at 10.5 kHz) and upon the s Cisit ity of each float's range pulse
detection circuit (e.g., float 0's detection circuit appears to be more scnsitive than float l's circuit and float
10's circuit is more sensitive than float 9's dilcuit).

Figures VI. 10 and VI. 1 peiain to floats 9 and 10, %% hich were deployed to the ocean bottom using a
large weight and 3.05-mieter tether in order to ptowide a fixcd coordinate system for the experiment. The
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outgoing pulse return at 0 depth for these two floats is relatively longer because of backscattering from the

ocean bottom.



-20-

VII. The 8 kHz Interelement Range Data

Figures VII.1 through VII.1 1 contain the record of pulses transmitted by one float and received by
another. As in Figure VI.1 through VI.11, the vertical axes have been scaled from travel time to range
using 1500 m/s for the speed of sound, and the horizontal axes are in units of record number.

In the figures showing the travel times between one midwater float and another, a short-duration
direct path pulse arrival is shown followed by a longer-duration surface bounce pulse arrival. The duration
of the direct path arrivals correspond approximately to the duration of the localization pulse (10 msec).
The surface bounce arrivals are much longer in duration due to scattering by the ocean surface. Only the
direct path information is used in the algorithm for locating the floats as a function of time. In these data,
only five erroneous data points or dropouts exist, i.e.,

float 2 listening to float 8 near record 2100 (Figure VII.3h),

float 3 listening to float 8 around record 1800 (Figure VII.4h),

float 6 listening to float I around record 2150 (Figure VII.7b),

float 8 listening to float 6 just before record 1000 (Figure VII.9g), and

float 10 listening to float 0 around record 1800 (Figure VII.l la).

Therefore, almost all midwater float localization pings appear to be audible to all other floats, even in the
case of a nearly 10 km separation (i.e., between floats I and 7 around record 1600; Figures VII.2g and
VU1.8b). Note that because of relative float clock drift, the reciprocal travel times between two floats must
be averaged in order to obtain an accurate estimate of the true interfloat travel time.

Figures VII.10j,k and VII.lljk contain the travel times between bottom tethered floats. Only the
surface bounce arrival is audible between bottom floats; the direct path is not present. This is due to the
upward-refracting sound velocity profile near the ocean bottom. The arrival time of surface bounces gen-
erated by float 1 I and recorded by the other bottom floats is a linear function of time. Since the floats are
tethered to the bottom, the true surface bounce travel time is constant and this linear dependence is a direct
measure of float 1I's clock drift with respect to the clocks in floats 9 and 10. Therefore, float 1l's clock
drift can be corrected using these data and the arrival times of float 1I's localization pings recorded by the
other floats can then be used in locating the floats.
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VIII. RMS Pressure and Velocity

In order to quickly scan the infrasonic data from all :hannels of all floats, the root mean squared
(RMS) pressure for the hydrophone and root mean squared velocity for the geophones were calculated.
The results are plotted in Figures VIII.1 through VIII. 11. These RMS time series have been corrected for
the AGC gain, but are otherwise uncalibrated; the vertical axis is in units of volts at the A/D converter (re
Appendix 1 for a block diagram of the infrasonic data recording system). Each RMS level value results
from taking the square root of the average of the squared amplitude levels over a period of five seconds (or
250 points since the data sampling rate is 50 Hz). Since each record is 2250 points (45 seconds) long, then
nine RMS power values are calculated for each- record. The RMS value for the last five-second period of
each record includes one second of zeros. The one second of zeros represents the time during which no
data is sampled while data in a temporary buffer is being written to cassette tape.

a) Midwater Swallow Floats

The following discussion will again focus on the plots pertaining to float 2's data; Figures VIII.3a
through VIU.3i. An obvious feature of float 2's plots are the spikes which occur once every record on the
geophone components, particularly the x axis. These spikes are the result of the transient at the start of
each record due to the power-up and power-down of the tape recorder between records. In order to prevent
contamination by these transients, the first three seconds of each record are skipped in the calculation of the
spectral estimates in Section X. The character of the transients changes somewhat, especially on the y axis,
at each of the three times when the direction of the tape recorder reverses, around records 1035, 1435, and
1835.

The other major features of the RMS plots are the increase in levels due to the passage of the Gyre
near records 900 and 2175 (19:45 Z, 4 Aug and 11:41 Z, 5 Aug) and the two sets of large spikes due to the
SUS charge events beginning around record 1150 and 1225 (22:53 Z, 4 Aug and 23:49 Z, 4 Aug). Addi-
tional spikes occur simultaneously in the hydrophone and geophone data, e.g., near records 667, 734, 743,
946, 1024, 1032, 1047, 1550-1558, 1827, 1906, 1955, and 2026, suggesting that these are acoustic in
nature. In particular, evidence is presented in the next two sections that strongly indicates that the spike at
record 1906 is the result of the T phase arrival from an earthquake in the Leeward Islands in the Caribbean.
Also, a few of the other spikes, e.g., at records 734, 743, 1024, and 1047, are caused by additional SUS
charge detonations. The source(s) of the remaining spikes are as yet undetermined; their origin may be
identifiable once SUS charge logs and navigation .aformation for the NADC 38 are obtained.

The background RMS levels betwecn records 1575 (04:11 Z, 5 Aug) and 1825 (07:19 Z, 5 Aug) are
higher on the hydrophone channel than on the geophone channels. This is due to the difference of about 4
dB in channel sensitivity, i.e., -182 dB re 1 V/Pa + 80 dB for the hydrophone versus about -201 dB re 1
VIRPa + 95 dB above 8 Hz for the geophones (re Appendix 1).

b) Non-Acoustic Disturbances in the Midwater Swallow Float Geophone Data

Between records 720 and 740 in float 2's data (Figure VIII.3a), a prominent disturbance is recorded
on the horizontal geophone components. However, no corresponding disturbance is present in the hydro-
phone data, indicating that the source is non-acoustic in nature. Such non-acoustic signals have appeared
in previous Swallow float deployments (for example, see p. 28, end of second paragraph of reference [91),
but never to the extent seen here. The geophone data from all midwater floats except floats 3 and 5 show
some evidence of such disturbances, with the data collected by float I being parlicularly affected. These
non-acoustic signals are discussed ffirther in the next section.

c) Bottom-Tethered Swallow Floats
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Figures VIII.10a - 10h and VIII.1la - I lh show the RMS pressure and velocity plots for the bottom-
mounted floats 9 and 10. The 18 dB of gain removed from the vertical geophone component system has
not been taken into account in these plots. Recall that the horizontal geophones have been shorted out so
that non-zero RMS levels are due to electronic self noise. For extended periods of time, the vertical com-
ponent geophone data are contaminated by tether effects; re records 1110 to 2080 for float 9 and records
980 to 1430 for float 10. However, during several periods, notably after record 1670 in float 10's data,
uncontaminated vertical geophone information can be obtained. Those periods in which tether contamina-
tion on the z axis geophone is predominant may indicate periods when ocean bottom current flow is
significant, so that non-acoustic pressure fluctuations may also be contaminating the hydrophone data.
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IX. Geophone and Hydrophone Time Series

Seb'nted time series recorded by the geophones and the hydrophones, corrected for the AGC level
but otherwise uncalibrated, .arc presented in this section. Each figure shows the time series recorded by a
given float's comnpeaent o, . r a 12-record (9 minute) period. The record numbers are given on the left hand
side of the flguir.. ' he data are sampled at 50 Hz (re Appendix 1), so that 2200 points from each channel
are collected in the 44 seconds of eanh record; the 45th second of the record is composed of 50 zeros. Only
every other sampled point is plotteu. The scale of the plots' vertical axis is given at the top of each figure.

The time periods selected for plotting are;

Swallow Float Infrasonic Time Series
Record GMT Time Float Comments Figure
Sequence (Da..) Channels Numbers

1164-1175 23:03 -23:12 6x,y,z,p A sequence of nine IM.
(4 Aug) SUS charges.

1±40-1187 22:45 - 23:21 The first set of IX.2
(4 Aug) 22 SUS charges.

1220- 1255 23:45 - 00:12 6z The second set of

(4-5 Aug) 18 SUS charges.

8:15 - 8:24 all operating Arrival of T Phase

1900-1911 from IX.4-14(5 Aug) float ch'nnels Leeward Islands'
earthquake.

00:30 - 00:39 Non-acoustic dis-
1280- 1291 lx,y,z,p turbance IX.15

(5 Aup) occurs extensively.

2020-2031 3.45 - 9:54 6xyzp Acoustic arrival IX.16(5 Aug) of unknown source.

a) SUS Charge Arrivals

The time series from records 1164 to 1175 (23:03 / to 23:12 Z, 4 Aug) for all four infrasonic chan-
nels on float 6 are plotted in Figures IX.la through IX.I j. This period of time occurred during the first set
of SUS charge detonations. Arrivals from 9 detonatious are recorded, generally with a separation of 50 to
55 seconds. Hoever, the time delay btween the detonations in records 1165 and 1167 is about 70
seconds, and, apparently, a charge which would have generated arrivals in record 1172 did not detonate.
The individual phases in each of the detonation arrivals will be identified once the locations of the SUS
charge drops are obtained. Note that the arrival appearing 10 seconds after the beginning of record 1170 is
due to the float's localization ping. It is best recorded on the vertical axis gecphone whereas it saturates the
hydrophone channel front-end, resulting in a temporary oss in sensitivity.

A coral)mason of the SUS charge siguai-to.ioise ratio (SNR) for each of the channels cannot be
made since the arrivals result in clipping. For example, it appears from the plots that the SNR was highest
on the z axis geophone and lowest on the hydrophone. However, the arrivals recorded by the hydrophone
probably suffered from a greatcr degree of clipping, especially biuci: the background sound recorded by the
hydrophone usually dictates the AGC gain (re Section Vd).

In order to dctemiine the number of SUS charge detonations during the two SUS charge c'euts, the z
axis geophone data recorded by float 6 \%cri plotted o\or two time periods. The first timc period is con-
posed of four 'igures, Figurcs IX.2a through !X.2d, covering records 1140 to 1151, 1152 to 1163, 1164 to
1175, and 1176 to 1187 (22:45 Z to 23:21 Z, - Aul), and the second inmt period, in Figures IX.3a through
IX.3c, ;:overs records 1220 to 1231, 1232 to 1243, and 1244 to 1255 t23:45 Z, 4 Aug to 0XI:12 Z, 5 Aug).
A total of 22 detonations kere rccorded during the itist twme period and 18 were recorded during the
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second period. Note that for each of the time periods, the duration of the arrivals from a given detonation
increases.

The float localization pings occur 10 seconds into records 1146, 1158, 1170, and 1182, and records
1230. 1242, and 12.54. Also, an 8-second sequence of zeros occurs at the end of record 1162 because of a
missing resynchronization character, re the Data Screening Results table discussed in Section IVa.

b) T Phase Arrival from the Leeward Islands' Earthquake

The next set of figures, Figures IX.4 through IX.14 show a 12-record (9-minute) sequence of uncali-
brated time series recorded by all properly operating components of all floats. (The vertical geophone
component data collected by bottom float 9 was not plotted since it was heavily contaminated by tether
effects during this time). The sequence covers records 1900 to 1911 (8:15 Z to 8:24 Z, 5 Aug). A large
arrival occurs in record 1906 which causes clipping on the horizontal geophone components and the hydro-
phone. The predominance of the arrival on the horizontal geophone components suggests that the source
was at long range.

In Appendix 2 are copies of the "Preliminary Determination of Epicenters" from the National Earth-
quake Information Center. Indicated by an arrow and an asterisk is the listing of the magnitude 3.3 earth-
quake which occurred in the Leeward Islands of the Caribbean during event 1. It was a distance of 1950
km (A = 17.50) from the deployment site. Assuming a 1.5 km/sec average propagation speed, the T phase. + 1951 km h I
should arrive on 5 August at about 08:20:13 Z (= 07:58:33 Z + 1.5 km *. This calculated arrival time

corresponds exactly to the time when Swallow float records 1906 and 1907 were recorded. Further evi-
dence that the arrival in record 1906 is the T phase from the Leeward Islands' earthquake will be presented
in the next section.

The initial T phase energy begins to arrive near the end of record 1905. It remains at a relatively low
level until i5 to 20 seconds into record 1906, when significant clipping occurs on the horizontal geophone
components and on the hydrophone, and an arrival is discernible on the vertical geophone component.
This arrival structure is determined to a large extent by the dispersive properties of the oceanic waveguide.
Both the shallowest floats and the bottom floats easily detected the T phase arrival, suggesting that its
energy nearly fills the water column. Note a second arrival appears to occur in the second half of record
1907.

Two other features are notable in these time series. First, the degree of contamination at the begin-
ning of each record from the power-up and power-down of the cassette tape recorder a) varies markedly
from one float to the next for a given component, b) is greatest on the horizontal geophone components and
is not present in the hydrophone data, and c) is fairly repeatable from one record to the next for a given
float component. This last aspect of the contamination permits its removal by coherently averaging the time
series over a set of records and subtracting the result from the original time series. The averaging must be
done over records written on the same track of cassette tape since the tape recorder contamination can be
dependent upon the direction of tape motion. Also, the effects of the contamination are reduced by skip-
ping the first three seconds of each record in the calculation of the spectral estimates presented in the next
section. Note that in some cases, the tape recorder transient produces a significant amount of long period
(approximately 3 seconds) float rocking; re the x geol)hone components of floats 3, 7, and 8; Figures IX.7a,
IX.1la, and IX.12a.

The second notable feature is that the geophoue time series of both floats 0 and 1, Figures IX.4 and
IX 5, show large signals arriving after the T phase arrival. Neither the hydrophone data recorded by these
floats nor the data recorded by any of the other floats show such arrivals. These signals will now be dis-
cussed.

c) Non-Acoustic Disturbances in the Midwatcr Swallow Float Geophone Data
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As mentioned previously, the geophone data collected during this experiment were affected by dis-
turbances of an unknown cause. An extreme example is shown in Figures IX.15a through IX.15d, where
the time series from record 1280 to 1291 (00:30 Z to 00:39 Z, 5 Aug) for all channels recorded by float 1
are plotted. Impulsive-like arrivals are often followed by long period float rocking on the horizontal geo-
phone components. Only the higher-frequency part of the disturbances is recorded on the vertical geo-
phone component. No associated signals appear in the hydrophone data. This fact, and the fact that no
such signals appear in the other floats' data at this time, indicates these disturbances are non-acoustic in
nature.

The foilowing table lists the occurrences of these signals in each of the midwater floats' data.

Non-Acoustic Disturbances in Swallow Float Geophone Data
Float Avg Depth (in) Records with Disturbances

0 415 Intermittent, esp. between 1420-1560 and 1805-2100
1 393 Intermittent throughout and extensive, esp. between 1315-1470
2 1121 676, 698,699, 700, 705,733-734,736-737, 1830
3 1213 None
4 1330 2018-2019
5 1481 None
6 1580 667-668, 693-694, 794-795, 882, 1799
7 1531 2089-2090
8 1671 795,810

Because the disturbances occur in several floats' data, they are almost certainly real. That is, they were
caused by something in, or a property of, the water column during the experiment rather than some system
contamination. The frequency of occurrence of the disturbances is correlated with the depth of the float,
with the two shallowest floats' data being most strongly affected. One possible explanation is that currents
created by nekton near the floats may have caused the disturbances. The nekton may have been attracted
by the 8 kHz float localization pings. For the shallowest floats, the float color may have also been attrac-
tive.

In one other experiment, the September, 1987 Swallow float experiment in the northeast Pacifi"
Ocean, a single non-acoustic disturbance with a similar appearance occurred (re the end of the second para-
graph on p. 28 of [9]). The float which recorded the disturbance was at about 2150 meters depth.

d) Unknown Acoustic Arrivals

Other large, unidentified arrivals occur in the data which generate spikes in both the RMS pressure
and the RMS particle velocity plots for several floats. These arrivals are therefore acoustic in nature. The
following table lists the records in which these arrivals occur.

Unknown Acoustic Arrivals in Swallow Float Data
Record GMT Tinic (date) Floats which Record Arrival
665-667 16:49 (4 Aug) 2 -8, barely in 1,9, 10

946 20:20 (4 Aug) 2 - 8, barely in 0, 9, 10
1032-1033 21:24 (4 Aug) 2- 8
1827-1828 7:20 (5 Aug) 2 - 8, barely in 9, 10
1956-1957 8:57 (5 Aug) 0 - 10
2026-2027 9:50 (5 Aug) 0 -10

The final set of plots in this section, Figures IX.16a through IX.16d, show the 4-component time series
recorded by float 6 which encompass the last arrval listed in the table. Its character is very sinular to that
of the T phase arrival in records 1905 to 1906 discu.,scd earlier. Evidence %% ill be presented at a !ater date
which indicates that the source dircction is to the northeast, ,pproxmnatcly perpendicular to the direction to
the Leeward Islands' earthquake epicenter.
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X. Particle Velocity and Pressure Spectra

Estimates of the calibrated autospectra for the geophone velocity components and for the hydro-
phone pressure component are presented in this section. Spectral estimates with two different frequency
resolutions are calculated. Those with a 98 mHz resolution are made by dividing 40.96 seconds in a data
record (obtained after skipping the first 3 seconds of data) into seven 10.24-second-long segments, with a
50 percent overlap between segments. The segments are fast Fourier transformed after using a Kaiser-
Bessel window of a = 2.5 to window the data. The resulting seven spectra within a record are incoherently
averaged together. The averaged spectra for four consecutive records (equal to three minutes of data) are
then incoherently averaged in order to further reduce the variance of the spectral estimates. For spectral
estimates with a 24 mHz resolution, the segment length which is transformed is quadrupled to 40.96
seconds and the spectra for twenty consecutive records are incoherently averaged. For some of the plots in
this section, additional averaging across records was done.

The autospecta are properly calibrated to units of dB re 1 (pmfsec)2 Hz for the geophone com-
ponents and dB re 1 (yPa)2/Hz for the hydrophone component. The pressure-particle velocity cross spectra
are calibrated to units of dB re 1 ptWatts/m 2/Hz. Refer to Appendix 1 for a description of the geophone and
hydrophone data acquisition systems.

A guide to the plots in this section is given in the following table:

Swallow Float Spectral Estimates
Figure Type of Record GMT Time Floats

Numbers Plot Interval Interval
X.la-lb LOFAR tram 640-2228 16:30, 4Aug - 12:21,5 Aug 2

X.2 Time series of pres. 640-2160 16:30, 4 Aug - 11:30,5 Aug 2;6,7,8
sure spectra at 5 Hz

X.3-11 Pressure spectra 1580-1780 4:15-6:45, 5 Aug 0-8
and spectral ratio

K.12-20 Pressure spectra 1200-1400 9:28-11:58,9 July 0-8
and spectral ratio

2048-pt spectra on 1580-1780 4:15-6:45,5 Aug 2-8
X.21-24 log freq scale

1200-1400 9:28 - 11:58, 9 July 0-8
X.25-29 Comparison of geo- 1580-1780 4:15-6:45,5 Aug 0-8

phone component
spectra

Pressure spectra 1900-1903 8:15-8:18, 5 Aug 0-3,
X.30-33 just before and

during T phase arrival 1904-1907 8:18-8:21, 5 Aug 5-8
Horizontal intensity 1900-1903 8:15-8:18, 5 Aug 0-3,

X.34-37 just before and
_during T phase arrival 1904-1907 8:18-8:21, 5 Aug 5-8

Time series of pres-

X.38-39 sure spectra and 640-1120 16:30-22:30,4 Aug 2,6
horizontal intensity
it 7, 10 Hz

Time series of pres.
X.40-41 sure spectra and

horizontal intensity 1280-1560 00:30-4:00,5 Ati 2,6
tit 7, 10 llz

Tnie %ct es: of pres.

X.42-43 -,ur %pcetra atid 1880-2160 8:00-11:30,5 Aug 2,6
horizontal intensity
at 10, 16 1lIz



-27 -

The measurements of the three orthogonal components of acoustic particle velocity can be used to
calculate an equivalent pressure spectnr, Sp(f), i.e.:

3
VG (poc)2Zs,,(f)

J-1

where p, = 103 kg/m3 is the fluid density, c = 1500 m/sec is the sound speed, and S,,(f) is the jth geophone
component autospectrum. The derivation of this geophone-data-derived pressure spectrum assumes that
the sound field's kinetic energy density spectrum is equal to its potential energy density spectrum [7]. This
assumption is not valid for many types of sound fields, but it is certainly true of those which are spatially
homogeneous [7]. This point will be further discussed in the report on the energetics of the NATIVE 1
acoustic field.

a) LOFAR Grams of Float 2's Auto Spectra

The first two figures show gray level plots of float 2's geophone-data-derived pressure spectrum, Fig-
ure X.la, and hydrophone pressure spectrum, Figure X.lb, as a function of time over the whole duration of
float recording in event 1. Each spectrum in the plot was calculated by incoherently averaging 28 spectra,
each estimated from 512 samples of data, over 4 consecutive records (3 minutes).

A number of the features of these plots have been discussed in previous sections. For example, the
two SUS charge events appear as broad horizontal bands around records 1170 and 1240. The T phase
arrival from the earthquake in the Caribbean results in the narrow horizontal line at record 1906. The six
acoustic arrivals of unknown origin listed in the table in Section IX.d also appear as narrow horizontal
lines, at records 666, 946, 1032, 1828, 1956, and 2027, Also, the non-acoustic disturbances in float 2's
geophone data are particularly evident when comparing the appearance of the lower left comer of Figure
X.1a with that of Figure X.lb.

These plots are also helpful in identifying narrow band signals in the experiment, indicated by we
vertical dark bands in the two figures. For example, the operating schedule of the ELF source towed by the
Gyre can be easily determined. From the start of the data recording (16:30 Z, 4 Aug) until record 1121
(22:31 Z, 4 Aug), the source was transmitting 7 Hz and 10 Hz simultaneously. It was turned off between
records 1121 and 1280 in order to conduct the two SUS charge events. After record 1280 (00:30 Z, 5
Aug), it again transmitted 7 Hz and 10 Hz, until record 1560 (4:00 Z, 5 Aug). The source was turned off a
second time between records 1560 and 1880 in order to permit measurements of the background sound
field. After that, starting at record 1880 (8:00 Z, 5 Aug), the source then broadcast 10 Hz and 16 Hz for the
remainder of the recording period. For a short period at the end of the experiment, i.e., after record 2140
(11:15 Z, 5 Aug), the 7 Hz tone appears to have been transmitted along with the 10-16 Hz tone pair.

Other narrow band features are prominent in the data; for example, at 8.2 Hz, 8.7 Hz, 9.2 Hz, 10.4
Hz, 14.4 Hz, 14.7 Hz, and 17.0 Hz. Some of these are most likely due to the Gyre; spectral lines at 10.4 Hz
and 14.5 - 15 Hz appear to be loudest during the times of closest approach of this ship around records 900
and 2175. Intermittent lines appearing at 17 Hz and 20 Hz may also be Gyre-generated, although contribu-
tions from the NADC 38 cannot yet be rnled out. The NADC 38 remained near the float array during event
1 because of a weak surface transmitter on the TSVLA array. According to the ship's log, the NADC 38
began to move towards the TSVLA around 21:16 Z, 4 Aug, which corresponds to float record 1021. At this
time, the sound levels between 12.5 Hz and 13 Hz increased to their highest levels in Figures X.la and
X.lb. The true source of the ship-generated spectral lines in these two figures will be more easily deter-
mined once the results of the acoustic signature tests are available. In addition, the directionality of the
spectral lines (to be calculated and presented in a later report) along "' ith the ships' navigation infomiation
can be used to help identify the correct source.

Noise "troughs" are centered on 5 Hz and around 10.25 Hz throughout the experiment. HoN~ever,
note that the low frequency levels recorded by lloat 2"s hdrophone appear to suddenly increase by 5 dB
around record 1520 and then slowly increase for the remainder of the experiment. Neither the geophone
data from this float nor any of the data from the other floats show a corresponding increase. This point is
illustrated in the plots in Figure X.2, %here the spectral lc\cl in the 5.0 Hi. bin is plotted as a function of
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time over most of the experiment (from record 640 to 2160; i.e., 16:30 Z, 4 Aug to 11:30 Z, 5 Aug) for
floats 2, 6, 7, and 8. The solid curve in each plot is for the geophone-data-derived pressure spectrum and
the dotted curve is for the hydrophone pressure spectrum. The data from float 2 is plotted in the upper left
plot, and the lower left, upper right, and lower right plots are for float 6, float 7, and float 8, respectively.
The cause of this apparent problem with float 2's hydrophone is unknown at present. Note that the RMS
pressure plots for float 2, discussed in Section VIII, do not show a noticeable jump around record 1520,
indicating that the apparent increase in float 2's hydrophone sensitivity occurred only at the lower infra-
sonic frequencies.

b) Hydrophone Pressure Spectrum vs Geophone-Data-Derived Pressure Spectrum

A comparison of the geophone-data-derived pressure spectrum and the hydrophone pressure spec-
trum is shown in Figures X.3 through X. 11. In the upper plots of the figures, the geophone-data-derived
pressure spectrum is plotted with a solid curve and the hydrophone pressure spectrum is plotted with a dot-
ted curve. The vertical axis of these plots is in units of dB re 1 pPa2/Hz, units familiar to underwater
acousticians. The corresponding ratio of the two spectra appears in the lower plot in each figure. Spectral
ratios greater than zero dB indicate that the geophone-derived spectral levels are greater than the hydro-
phone levels, negative spectral ratios indicate that the hydrophone levels are greater. The spectra are
derived by averaging together the four-record-averaged spectral estimates over a 2.5-hour period between
records 1580 and 1780 (4:15 Z to 6:45 Z, 5 Aug). This period of time was chosen since the Gyre was at its
farthest distance from the deployment site after finishing leg 1 of the source tow and the ELF source was
not broadcasting. The spectra estimated from data collected by all midwater floats are presented. How-
ever, note that the geophone data from float 0 are slightly contaminated and those from float 1 are heavily
contaminated by the non-acoustic signals during this time. Also, float 4's hydrophone system recorded
only electronic self noise during the experiment due to a faulty hydrophone-to-circuitry connection.

For comparison with Figures X.3 through X.1 1, the two pressure spectra and their spectral ratios
estimated from data collected by all midwater floats during the July, 1989 experiment are presented in Fig-
ures X.12 through X.20. These data were obtained in 4100-meter-deep water about 150 km west of Pt.
Arguello on the California coast [4]. These spectral estimates are also based on data collected over a 2.5-
h(,ur period: from 9:28 Z to 11:58 Z, 9 July, 1989 (records 1200 to 1400).

The background spectral levels above 5 Hz in the NATIVE 1 experiment are at about 75 dB re 1
APa2/Hz and are about 5 dB lower than those in the July, 1989 experiment. The lower background levels
allow many more spectral peaks to be evident, causing the NATIVE 1 spectra above 5 Hz to appear
"jagged" in nature. A peak at 3.7 Hz also appears in the NATIVE 1 spectra. A ship-generated peak of this
amplitude at so low a frequency is unusual in the Swallow float data; it may have been generated by the
NADC 38 which remained close to the deployment site in order to record the TSVLA data. Note that the
lump of energy around 18-19 Hz in the July, 1989 data is absent in the NATIVE 1 data. Although the peak
of this lump is harmonically related to the 9.3 Hz peak, part of this energy may also be biologically related.
Signals with infrasonic energy content around 18 Hz are a common feature in Swallow float data collected
between mid-summer and early fall in the northeast Pacific Ocean and have been associated with whales.
Other features of the July, 1989 spectra are described in [7].

The spectral ratio plots show that the hydrophone pressure spectrum and the geophone-data-derived
pressure spectrum generally agree to within a few decibels across most of the infrasonic frequency band in
both experiments. The large peak at 0.3 Hz is the result of both float rocking and oscillation of the ITC
localization transducer, in fact, ratios of spectra with finer frequency resolution show two peaks around 0.3
Hz. Both float rocking and transduLer ostillation are efficiently coupled into the horizontal geoptione com-
ponents. The peak around 1.5 Hz in many of the plots is probably associated with float ballast rocking.
The roll-off above 20 Hz is due to a difference in the corner frequency of the anti-aliasing lilters in the gco-
phone and the hydroplhone channels.

The spectral ratios in August, 1990 and in July, 1989 for a given float typically show nearly identical
features, unless something unusual occurred in either of the experimnlts. This suggests that pressure spec-
tral ratios which differ from unity are due to errors in calibration and system contamination rather than
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being due to the actual properties of the sound field. The following list gives comments on the comparison
of the two experiments' spectral ratios for each of the midwater floats.

Spectral Ratios in August, 1990 (8-90) versus July, 1989 (7-89)

FLOAT COMMENTS

0 Agreement is good, although values are slightly more positive in 8-90 because of non-acoustic
contamination.

1 Can't make comparison because of extensive non-acoustic contamination in geophone data in
8-90.

2 Ratio is a dB or two more negative between a few Hz and 12-13 Hz in 8-90 than in 7-89,
apparently because of a sudden increase in hydrophone sensitivity around record 1520. Below
a few Hz, the ratio is much more positive in 8-90 because of increase in tape recorder contami-
nation in the geophone data.

3 Agreement between 8-90 and 7-89 spectral ratio is good; both show a decreasing sensitivity
with decreasing frequency in the hydrophone circuit.

4 Can't make comparison because of faulty hydrophone-to-circuitry connection in 8.90.
5 Agreement between 8-90 and 7-89 spectral ratio is good; both show a decreasing sensitivity

with decreasing frequency in the hydrophone circuit below 4 Hz; although the peak around 1.5
Hz due to ballast rocking is much lower in 8-90. The troughs in the spectral ratio curves at 4,
6, and 8 Hz are due to self noise in the hydrophone circuitry which can be eliminated by
further processing.

6 Agreement is good between both the 8-90 and 7-89 spectral ratio and between the hydrophone
and geophone pressure spectra.

7 Agreement between 8-90 and 7-89 spectral ratio is good; both show a -2 dB value above 1-2
Hz.

8 Agreement is good, although greater float rocking at 0.3 Hz occurred in 8-90. The cause of the
spectral ratio peak at 6.3 Hz in 8-90 is unknown.

The two infrasonic pressure spectra in these figures are estimated from data collected in completely
different ways. That is, the two types of sensors measure different properties of the ocean's sound field
and the electronics in the data acquisition channels are unique. The good agreement between the two spec-
tra is confirmation of the high quality of the Swallow float infrasonic measurement system.

c) The Rise Towards the Microseismic Peak

The spectra presented previously in this section were plotted in linear frequency units. In order to
examine the spectral levels at the lowest infrasonic frequencies, the Fourier transform length was quadru-
pled and the resulting spectral estimates were plotted on a log frequency scale. These spectra are shown in
Figures X.21 through X.24. The plots for the data collected during event 1 of the NATIVE I experiment
are shown in the left-hand plots (except for the lower left plot in Figure X.24) and those for the July, 1989
experiment are shown in the right-hand plots for comparison. The time periods over which the spectral
estimates were made are the same 2.5-hour periods as in Figures X.3 through X.20, i.e., from 4:15 Z to
6:45 Z, 5 August, 1990 and from 9:28 Z to 11:58 Z, 9 July, 1989. The spectra in each row of each figure
pertain to the data collected by a given float in the two experiments. Only the spectra for midwater floats 2
through 8 in the NATIVE 1 experiment were calculated since floats 0 and 1 were contaminated by non-
acoustic signals during the time chosen for the analysis. Hov ever, these two floats* spectra from the July,
1989 experiment are presented in the bottom two plots of Figure X.24. Again, the solid curve in each plot
is the geophone-data-derivcd pressure spectnim and the dotted curme is the hydrophone pressure spectrum.

The first point of note is the single or double peak structure of the geophone-data-derived pressure
spectnm between 0.2 Hz and 0.5 Hz. These peaks are the result of float rocking and oscillation of the ITC
localization transducer, as mentioned previously. They are smaller in amplitude in the NATIVE 1 spectra
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since additional processing was done to reduce all forms of tape-recorder-generated contamination.

The second point of note is that the NATIVE 1 hydrophone spectra show a peak at about 0.47 Hz.

Below this peak, the spectra are contaminated by electronic self noise. In contrast, the July, 1989 spectra

show peaks around 0.17 Hz, the microseismic peak frequency, and 0.75 Hz. Both the 0.47 Hz peak and the

0.75 Hz peak may be due to the excitation of "organ pipe" modes, i.e., non-propagating, resonant, standing

wave patterns in the vertical direction. The average water depth in event 1 of NATIVE 1 was about 3180

meters and the harmonic sound speed over the whole water column was 1506 m/sec. Therefore, the first

organ pipe mode has a predicted frequency of 0.47 Hz (- 1506/3180), corresponding exactly to the fre-

quency of the spectral peak. For July, 1989, the water depth was about 4060 meters, the harmonic sound

speed was 1496 m/sec, and the predicted frequency of the first organ pipe mode is 0.37 Hz (- 1496/4060).

The suggestion of a peak does occur at this frequency in some of the floats' spectra, especially that of float

4, but it certainly is not predominant. However, the predicted frequency of the second mode is 0.74 Hz,

which matches the observed spectral peak frequency.- The presence of these peaks makes it difficult to fit a

simple power law relationship to these spectra, as is done, for example, by Kibblewhite and Ewans [10].

The absence of the microseismic peak in the NATIVE 1 data may be due to the relatively calms seas

during the experiment. That is, the nonlinear wave-wave interaction source levels may have been so weak

that the microseismic peak is buried in electronic self noise. The microseismic peak is present in the July,

1989 spectra since the seas were rough (the wind speed was 25-30 knots, gusting to 35-40 knots) and the

swell was 11-13 feet (4].

d) Comparison of Spectral Levels on the Three Geophone Components

A comparison of the individual spectral levels on each of the three geophone components of all mid-

water Swallow floats in event 1 of NATIVE 1 is presented in Figures X.25 through X.29. The east-west

axis (x) is plotted with a dashed curve, the north-south axis (y) is plotted with a dotted curve, and the up-
down axis (z) is plotted with a solid curve. The ordinate of these plots is in units of dB re 1 (jim/sec)2/Hz.

By adding 123.5 dB (equal to 20 times the log of the characteristic impedance, p0oC) to the ordinate, stan-
dard pressure spectral units of dB re 1 p.Pa2/Hz can be obtained. These spectra are estimated using the same

data and the same procedure as the spectra in the upper plots of Figures X.3 through X.11.

The background levels on the two horizontal components are approximately equal and are about 6
dB greater than the background levels on the vertical geophone above 4 Hz. Therefore, in this frequency
range, the properties of the horizontal component spectra dictate those of the geophone-data-derived pres-
sure spectrum. Below 4 Hz, all three components have nearly identical spectral levels, except where float
rocking, ballast motion, and localization hydrophone oscillation contaminate the horizontal component
data. The north-south component spectrum contains more promtinent peaks than the east-west component,
probably because of the headings of the research vessels from the float array during this time.

The contaminating effect of the non-acoustic signals on the gcophone spectral levels can be clearly
seen in float l's spectra; re the lower plot in Figure X.25. The offset of float 0's horizontal component
spectra from its vertical component spectrum below 4 Hz, in the upper plot in Figure X.25, is also partially
caused by the non-acoustic signals.

e) Spectra of the T Phase Arrival from the Leeward Islands' Earthquake

As discussed in Section IXb, the arrival in record 1906 of the Swallow float data occurred at exactly
the expected arrival tilme of the T phase from the earthquake in the Leeward Islands of the Caribbean.

Appendix 2 contains a map of the Caribbean area, showing the locations of the Leeward Islands" earth-
quake epicenter, indicated by a "*", and the deployment site at 310 15.6' N, 740 53.2' W, indicated by a
"D". The epicenter has a range of 1950 km (A = 17.50) and a heading of 135.6' from point D.

Figures X.30 through X.33 show a comparison of the pressure spectra recorded by midwater floats 0

- 3 and 5 - 8 just before (left-hand plots) and during (right-hand plots) the arrival of the T phase. Data from
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float 4 are not presented because of its non-functioning infrasonic hydrophone. Both sets of spectra are
based on 3 minutes (4 records) of data. The T phase arrival clearly increases the spectral levels between 1
and 15-20 Hz. However, its spectral shape is misleading since the arrival resulted in significant clipping.
In fact, the hicrease in spectral levels above 20 Hz is probably due to contamination from clipping.

Note that, at the arrival time of the T phase from the Leeward Islands' earthquake, the Gyre was
returning to the site from the south-southwest. Its position at this time is marked by a large "" in Figure
11.1. The ELF source, which the ship was towing, was simultaneously broddcasting 10 Hz and 16 Hz
tones. The spectral peaks due to the ELF source are prominent features of the plots in Figures X.30
through X.33, especially the 16 Hz line.

The active acoustic intensity is a physically meaningful measure of the directionality of a sound field,
i.e., it measures the magnitude and direction of aet acoustic energy flux density [7]. Figures X.34 through
X.37 show plots of the horizontal projection of the active acoustic intensity spectrum estimated from data
collected by floats 0 - 3 and 5 - 8. These spectra were estimated over the same two periods of time as in
Figures X.30 through X.33; the left-hand plots pertain to the 3-minute period just before the T phase arrival
and the right-hand plots are for the period encompassing the arrival. The horizontal axes in the plots are in
linear frequency units, from 0 to 25 Hz. The horizontal intensity magnitude per frequency is given by the
lengths of each of the vectors in a given spectrum. To determine the magnitude in units of dB re 1
gWatt/m2/Hz, the length of a vector is measured along the y axis, starting at the bottom of the plot at -80
dB re 1 gWatts/m2IHz. The direction of net energy flew is with respect to the compass given in the upper
right comer of each spectrum.

For the data recorded prior to the arrival, three features are notable. First, the direction of acoustic
energy flux is quite variable across the frequency band. Second, the direction of energy flux for the 10 Hz
and 16 Hz tones generated by the ELF source is in the expected direction, i.e., to the north-northeast away
from the source to the south-southwest. Variations from the expected direction are caused mostly by small
errors in system calibration. Finally, a harmonically-related line pair occurs at 8.5 Hz and 17 Hz which
shows energy flow mainly to the south. This line pair may have been generated by the NADC 38; this con-
jecture can be tested once the navigation information for this ship are obtained. Note that the directionality
indicated by the data below 0.5 Hz is erroneous.

The horizontal active intensity spectra estimated from data collected during the time of the T phase
arrival in record 1906 are shown in the right-hand plots. As mentioned previously, a significant degree of
clipping occurred in the time series so that absolute spectral levels cannot be determined. However, from a
few hertz up to 15-20 Hz, the spectra show an overwhelming flow of acoustic energy to the northwest. This
direction of broadband energy flow is 1800 from the heading of 1360 of the Leewards Islands' earthquake
epicenter, re the map in Appendix 2.

In summary, both the time of arrival and direction of broadband energy flux of the signal in record
1906 strongly suggest that it is the T phase arrival from the Leeward Islands' earthquake. The earthquake
in Trinidad following the Leeward Islands' earthquake (re the "Preliminary Determination of Epicenters"
in Appendix 2) does not appear to have been detected by the floats.

f) Time Series of ELF Signal Spectra

The final set of plots in this section, Figures X.38 through X.43, show time series of various spectra
in the frequency bills correspotiding to the tones broadcast by the towed ELF source. The tipper two plots
in each figure show the gcophone-data-derived pressure spectral bin levels, plotted with solid lines, and the
hydrophone pressure spectral bin levels, plotted %%ith dotted lines, as a function of time. The ordinate of
these plots range from 80 dB to 110 dB re I LLPa-Hz. The lower two plots i each igne ShoW the horizon-
tal projections of the active intensity spectral bin vectors versus tine. The length of each \ ector determines
the active intensity magnitude, in units of dB re I .tWatt/in2/Hz, and the direction of each vector is the
direction of net energy flux, as In the Intensity plots in part e of this section. The abscis,a are in units of
Swallow float record number (, measure of trine) and are identical for all four plots in each figure. Only
the data collected by floats 2, at 1120 meters depth, and float 6, at 1580 meters. are presented. The data
over three different periods of time are plotted: Figure X.38. for float 2, and Figure X.39. fi-r float 6, cover
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the 6-hour period from 16:30 Z to 22:30 Z, 4 August (records 640 to 1120) when the source first began to
broadcast 7 Hz (left-hand plots) and 10 Hz (right-hand plots); Figure X.40 (float 2) and Figure X.41 (float
6) cover the 3.5-hour period from 00:30 Z to 4:00 Z, 5 August (records 1280 to 1560) when the source res-
tarted its broadcast of 7 Hz (left-hand plots) and 10 Hz (right-hand plots) after the SUS charge events; and
Figure X.42 (float 2) and Figure X.43 (float 6) cover the 3.5-hour period from 8:00 Z to 11:30 Z, 5 August
(records 1880 to 2160) when the source was broadcasting 10 Hz (left-hand plots) and 16 Hz (right-hand
plots). Each spectral bin value was estimated by averaging over 4 records (3 minutes) of data and each fre-
quency bin is 98 mHz wide.

The plots in Figures X.38 and X.39 clearly show the passage of the Gyre near the float array, around
record 900, as it headed south (re Figure 11.1). The pressure spectral levels reach their highest values
around this time and the intensity vectors show large changes in direction over a short period of time; from
energy flux to the south to energy flux to the north. The ship passed to the east of the array at its point of
closest approach since energy flow occurs to the west during this time, and it passed closer to float 6 than to
float 2 since the. direction of energy flow changed more slowly in float 2's data. Interestingly, the return of
the Gyre near the end of event 1 (re Figures X.42 and X.43) resulted in energy flow to the east in float 2's
data and to the west in float 6's data, suggesting that the ship passed between these two floats. This
occurrence was possible given that float 6 was recovered to the west of float 2's retrieval position; re Fig-
ure 1.1.

One aspect of the pressure spectrum plots in these figuies is that the troughs in the hydrophone pres-
sure spectrum curves are typically deeper than those in the geophone-data-derived spectrum curves. This
feature can be explained by considering the properties of a single normal mode. A normal mode is a stand-
ing wave pattern in the vertical direction which propagates in the horizontal direction. Because of this, the
nodes/anti-nodes in the mode's pressure eigenfunction correspond to the nodes/anti-nodes of its horizontal
particle velocity eigerfunction, whereas they correspond to the anti-nodes/nodes in the vertical particle
velocity eigenfunction. For example, the pressure is zero at a pressure-release surface, whereas the vertical
particle motion is maximum (the surface "gives way"). Likewise, the pressure is a maximum at a rigid
boundary, whereas the vertical particle velocity is zero. Therefore, when nulls occur in the hydrophone
pressure spectrum in the upper plots of Figures X.38 through X.43, the vertical particle velocity is max-
imum (or nearly so), causing the geophone-data-derived pressure nulls to be filled in. In general, the
geophone-data-derived pressure spectrum is not necessarily equivalent to the hydrophone pressure spec-
trum. The two spectra are likely to differ when the spatial structure of the sound field is significant, i.e.,
when the field is spatially inhomogeneous [7], as is the case for the fields generated by the ELF source.

Once the float positions as a function of time have been determined, the transmission loss of the ELF
tones as a function of range can be calculated. These calculations will be performed and presented at a
later date.
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Appendix 1 - Swallow Float Infrasonic Data Acquisition System

A block diagram of the Swallow float infrasonic system appears in Figure AI.1. All midwater floats
were equipped with three orthogonally-oriented Geo Space geophones and with a Ocean and Atmospheric
Science (OAS) model E-4SD hydrophone. Tile bottom-tethered floats contained only a vertical component
geophone and an infrasonic hydrophone; their horizontal geophone components were shorted out in order
to prevent tether contamination from dictating the AGC gain level. The geophone channels will be
described first, followed by a description of the hydrophone channel.

The water motion is first coupled into motion at the floats' geophones. The three orthogonal com-
ponents of particle velocity at the geophone are then converted into voltages. The geophones are elec-
tromagnetic transducers in which a voltage is produced across a moving, conducting coil by its motion
through the magnetic field lines produced by a permanent magnet [11]. The resulting voltage is propor-
tional to the velocity of the coil with respect to the magnet. Constraining the coil to move in only one
direction are elastic springs connecting the coil to the instrument casing. Laboratory tests have determined
that the geophones can withstand a maximum tilt from vertical of about 150. The geophone package for
each midwater Swallow float is composed of three such transducers oriented to measure in three orthogonal
directions.

The geophone amplitude and phase response was calculated using the theoretical equation of motion
for this system (11]. (The amplitude response curve is nearly identical to the manufacturer's calibration
curve provided with the geophones). Near-critical damping of the coil is achieved using a 60 kW shunt
resistor. Note that the f2 roll-off of the geophone amplitude response below the natural frequency of 8 Hz
effectively pre-whitens the ocean ambient noise so that no additional pre-whitening needs to be imple-
mented.

The three signals next undergo a fixed gain of 95 dB before being input to the automatic gain control
(AGC). For the vertical geophone components on the bottom tethered floats, this fixed gain was reduced
by 18 dB to 77 dB. Included in the geophone channel circuitry are nine RC circuits. Five of these RC cir-
cuits act as high pass filters, with poles located at 0.000034, 0.034, 0.07, 0.26, and 0.47 Hz, in order to
eliminate DC bias and decrease ultra-low frequency self noise. The other four RC circuits act as low pass
filters, with poles at 34, 34, 72, and 337 Hz, in order to eliminate AC coupling noise (i.e. "cross-talk").
These RC circuits are lumped together with the geophone channel "fixed gain" in Figure A..

The water-borne pressure fluctuations (acoustic and non-acoustic) are converted into voltage fluctua-
tions by the sensing material in the infrasonic hydrophone. The sensing material is electrostrictive; that is,
it develops a voltage in response to an implied stress [12]. From laboratory tests, it has been determined
that the sensing material is also pyroelectric, i.e. it generates a voltage in response to a change in tempera-
ture. The electrostrictive material in the OAS hydrophones is pre-polarized lead zirconate-titanate, a
polycrystalline ceramic. The hydrophone has a sensitivity of -182 dB re 1 V/pPa and a frequency response
which is flat (within ±1 dB) from 0 to 5 kHz. Because the ocean ambient noise spectrum increases as f-4

to f-. below about 5 Hz [7], the voltage output by the hydrophone is then passed through a pre-whitening
filter. This high-pass filter is comprised of two RC circuits in cascade. Both RC circuits have comer fre-
quencies of about 8 Hz, the same as the natural frequency of the geophone components.

The "fixed gain" triangle for the infrasonic hydrophone channel in Figure AI.1 represents somewhat
different circuitry than in the gcophone channels. The fixed gain is set to 80 dB (rather than 95 dB), since
the hydrophone is more sensitive than the geophones; -182 dB re 1 V/.tPa for the hydrophone versus about
-201 dB re 1 V/pPa above 8 Hz for the geophones. Also, since the hydrophone pre-whitening filter already
includes two high pass RC circuits, only two additional high-pass circuits, with poles located at 0.034 and
0.47 Hz, were added. An additional equivalent high-pass RC circuit with resonant pole at 0.2 Hz is fomied
by the capacitance of the hydrophone itself (0.004 .f) and the resistance (200 M 2) of a temperature-stable,
metal filn resistor. These three high-pass RC circuits ire included in the "fixed gain" triangle along with
four low-pass circuits, with poles at 34, 34, 72, and 339 Hz.

The hydrophone coinponenlt voltage and all three geOl)hoine component voltages are then sent to a
automatic gain control (AGC) amplifier. The AGC is a variable gain amplifier with a range of 0 to 36 dB
gain which allows the full dynamic range of the eight-bit AiD convcrter to be used. The AGC gain always
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changes between records by approximately 0.5 dB steps- if more than 0.5 percent of all data samples from
the last 40 seconds of each record are clipped, then the AGC decreases by 0.5 dB. Otherwise, it increases.
Plots of the AGC level for each float during every record are given in Section Vc.

Before being digitized, the signals are passed through a five-pole, four-zero, elliptic, anti-aliasing
filter. Elliptic filters theoretically have the sharpest transition region for a given number of poles and circuit
complexity. The filter frequency response and the pole-zero locations in the s plane are shown in Figure
A1.2 (13,141. Incoming signals are amplified by a maximum of 4.6 dB in the passband, which has a 0.28
dB:equal ripple. The cut-off frequency (tie highest frequency at which the amplitude gain is equal to the
minimum passband gain) is 20 Hz, and the attenuation is 19.5 dB at the Nyquist frequency of 25 Hz. The
maximun equal ripple level in the stop band is 50.1 dB below the level in the pass band and is first reached
at 31 Hz. Before installation in the floats, all filters were adjusted so that broadband noise input to the filters
yielded the same amplitude response and same null location at the filters' output.

The geophone channel response, including all components in the system except the AGC gain which
varies over the time of the experiment (and excluding the 18 dB decrease in the fixed gain for the vertical
geophone components on the bottom-tethered floats), is plotted in Figure A1.3. The hydrophone channel
response, including all components in the channel except the AGC gain, is plotted in Figure A1.4. In deriv-
ing the phase response in Figure A1.4, it was assumed that no phase shift was introduced by the
hydrophone's electrostrictive material in the conversion of pressure to voltage.

The channel voltage signals are then digitized at a 50 Hz sampling rate and put into a temporary
buffer. After 44 seconds of data (equal to one data record) have accumulated in the buffer, a one second
period of writing the data to cassette tape takes place. During this time, no data is sampled. The 45 second
cycle then repeats until the cassette ta.e is full. The cassette tape can store up to 17 Mbytes of unformatted
data, which is sufficient space for up to 1600 four-component data records.

Both the RMS plots discussed in Section VIII and the time series plots of Section IX have been
corrected for the variable AGC level. No other adjustments have been made in these plots. The spectral
plots of Section X, however, have been corrected for all electronic system gains including the
geophone/hydrophone sensitivities and therefore report estimates calibrated to the input at the sensors.

Excellent agreement between the laboratory-measured and theoretically-predicted amplitude and
phase responses of both the geophone and hydrophone channel circuitry, and the sensors themselves, has
been obtained [1].
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Appendix 2 - Caribbean Area Map and Preliminary Determination of Epicenters

On the following page is a map of the Caribbean area showing the location of the Leeward Islands'
earthquake epicenter (the asterisk) and the deployment site of event 1 in the NATIVE 1 experiment (the
"D"). Following the map are copies of four pages from the "Preliminary Determination of Epicenters"
from the National Earthquake Information Center. On the copies are indicated the time periods in which
the Swallow floats recorded data during events 1, 3, and 4 of NATIVE 1. Withinlthese time periods, those
earthquakes which are most likely to have generated detectable T phase arrivals have been marked by
arrows. The T phase is that portion of the radiated seismic energy which somehow (probably through a
downslope conversion mechanism [15]) gets coupled into the deep ocean sound channel. It has been the
most commonly observed phase from earthquakes in the Swallow float data. The T phase generated by the
Leeward Islands' earthquake during event 1, marked with an arrow and an asterisk, was probably detected
by the floats, as discussed in the body of this report.
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GEOLOGICAL SURVEY AUG 23. 1996
PRtILIMINARY DETERMINATION OF EPICENTERS

DAY ORIGIN TIME GEOGRAPHIC DEPTH MAGNITUDES SO NO. REGION, CONTRIBUTED MAGNITUDES AND COMMENTS
UTC COORDINATES CS STA

HR MN SEc LAT LONG Me Mez USED

JUL 190

3S 05 61.6? 16.29 N 120.34 E 33 N 6.5 4 LUZON. PHILIPPINE ISLANDS
30 61 13 17.3 29.933 N 130.364 E 69 5.6 1.0 82 RYUKYU ISLANDS. Felt (I1 JMA) an Yoku-shlmo.
30 14 4 53.6. 4.330 S 10.638 W 1 6 4.0 1.0 35 NORTH OF ASCENSION ISLAND
36 10 11 5.2. 42.486 N 22.934 E I0 G O.6 5 BULGARIA
30 12 32 22.0 45.066 N 26.429 E 12 1.1 15 ROMANIA
30 13 03 16.91 45.949 N 6.e09 W 21 0.9 13 FRANCE. ML 3.1 (LDG).
-36 16 24 54.6* 41.288 S 06.337 W 10 C 4.9 5.1 1.0 19 WEST CHILE RISE
36 17 52 38.8 34.663 N 25.754 E 03 * 4.2 1.0 68 CRETE. MD 4.3 (HLW).
30 21 50 13.7* 54.301 N 164.737 W 33 N 4.6 1.1 17 UNIMAK ISLAND REGION
31 01 43 49.1. 42.371 N 126.743 W 11 G 4.0 0.9 12 OFF COAST OF OREGON
31 62 15 44.4 24.193 N 126.040 E 18 D 5.0 0.8 24 RYUKYU ISLANDS
31 62 52 14.97 36.83 N 70.73 E 33 N 4.9 1.3 10 KASIMIR-XINJIANG BORDER REGION
31 03 17 29.4 42.464 N 120.633 W 10 G 4.8 1.0 42 OFF COAST OF OREGON
31 63 19 46.5 42.354 N 126.716 W 16 G 5.7 5.4 1.2 166 OFF COAST OF OREGON
31 64 28 47.1. 16.785 S 102.074 E 82 ? 5.0 1.2 18 SOLOMON ISLANDS
31 05 29 41.6. 10.374 N 126.869 E 23 * 4.6 1.3 9 LUZON, PHILIPPINE ISLANDS
31 Of 49 31.8 37.253 N 21.495 E 58 4.7 1.1 139 SOUTHERN GREECE. MD 4.7 (ATH). Felt In Pelopennliso.
31 07 30 09.9? 18.45 N 94.53 W 33 N 4.4 1.0 9 GULF OF CAMPECHE
31 07 32 46.16 34.456 N 166.162 W I 14 NEW MEXICO. <SNM>. MD 3.3 (SNM). Felt In the Bernardo

area.

31 69 I1 17.6. 17.706 X 61.326 W 50 * 4.6 1.3 23 LEEWARD ISLANDS
31 695 8 15.3 14.199 N 91.172 W 75 4.4 1.3 57 GUATEMALA. Felt (11) at San Salvador. El Salvador. Also

felt in southern Guatemala.
31 13 28 22.9 44.965 N 147.950 E 33 N 4.7 0.8 21 KURIL ISLANDS
31 13 37 28 7X 46.651 N 2.755 E 16 C 6.6 10 FRANCE. ML 2.3 (LOG).
31 13 49 21.2* 4.605 N 127.862 E 154 ? 4.9 1.2 14 TALAUD ISLANDS
31 15 56 54.8 43.611 N 17.798 E 27 4.7 1.2 135 YUGOSLAVIA. MD 4.7 (TTG). 4.8 (TRI). ML 4.8 (KBA). Felt

(IV) in western Montenegro and at Titograd.
31 16 35 02.7 44.535 N 7.275 E 16 0 0.9 27 NORTHERN ITALY. ML 3.2 (LOG).
31 16 25 49.7 3.739 N 95.335 E 23 D 5.3 4.4 0.7 94 OFF W COAST OF NORTHERN SUMATERA
31 19 35 19.9? 18.99 N 67.07 W 10 G 0.2 4 MONA PASSAGE
31 19 51 62.4? 36.07 N 8.68 W 10 C 0.6 9 WEST OF GIBRALTAR. mbLq 3.2 (MOD).
31 19 55 19.9? 23.60 N 123.23 E is G 1.2 6 SOUTHWESTERN RYUKYU ISLANDS
31 22 27 48.6* 15.382 N 146.842 E 46 * 4.6 4.2 1.3 37 MARIANA ISLANDS
31 23 15 18.4 43.613 N 17.822 E 46 * 4.1 1.3 115 YUGOSLAVIA. MD 4.6 (TRI). 4.4 (TTC). ML 4.6 (KBA). Felt

(111) at Titograd.
31 23 49 45.5& 48.653 N 122.200 W 0 3.6 55 WASHINGTON. <SEA-P>. ML 3.5 (SEA). Felt (IV) at Doming.
AUG 1990
61 62 04 27.9a 31.759 S 71.762 W 55 * 4.5 1.1 14 NEAR COAST OF CENTRAL CHILE
*1 02 43 0.1 11.549 S 166.674 E 32 0 5.4 5.1 1.5 64 SANTA CRUZ ISLANDS. Ms 5.5 (BRK).
11 04 25 48 1* 16.415 N 126.785 E 26 4.4 4.0 1.4 13 LUZON. PHILIPPINE ISLANDS
61 69 64 40.5? 51.16 N 178.58 E 33 N 4.3 1.5 13 RAT ISLANDS, ALEUTIAN ISLANDS. ML 4.2 (PMR).
61 11 84 58.? 7.91 S 123.04 E 203 ? 4.7 6.8 7 BANDA SEA
I1 11 53 25.9* 14.439 S 73.692 w 33 N 0.4 8 PERU
01 12 19 54 0 41.021 N 22.326 E 16 G 6 7 7 YUGOSLAVIA. ML 2.1 (SKO).
@1 14 54 64.1 28.594 N 53.255 E 33 N 4.5 3.6 1.5 9 SOUTHERN IRAN
61 23 47 25.82 36.216 N 27.193 E 33 N 1.4 6 DODECANESE ISLANDS. MD 3.8 (ATM).
82 60 09 47.3 31.721 S 71.653 W 54 * 4.9 1.1 30 NEAR COAST OF CENTRAL CHILE
82 e0 53 36.3 38.465 N 23.686 E 1o G 1.3 9 GREECE. ML 2.8 (ATM).
82 02 41 35.7 17.18 N 121.034 E 18 G 4.8 4.3 1 5 37 LUZON. PHILIPPINE ISLANDS
82 04 51 64.1X 18.546 N 66.962 W 33 N 6.3 6 PUERTO RICO REGION
82 65 24 88.9 31 613 S 71.579 W. 41 5.6 5.8 1.0 96 NEAR COAST OF CENTRAL CHILE. Ms 5.6 (9RK).

Mo-2.0.1,**18 Nm (PPT). Felt (V) at Illapel and (IV)
Los V.Ias and Santiago.

62 05 37 22.6k 19.846 N 155.616 W 22 4.8 48 HAWAII <HVO-P>. CL 4.9 (HVO). Felt (V) at Nilo.
Monomu. Kamuela. Kurtistown. Oakola and Paouhau: (IV)
at Hakalau. Howl. HoIualoa. HonOkoa. Loupahooho*.

Papooloa. Papoikou and Volcano. Also felt on Maul.
02 85 41 51.5? 33.20 S 69.17 0 33 N 4.6 8.8 15 CHILE-ARGENTINA BORDER REGION
82 65 58 14.8 10.81 S 166.279 E 33 N 5.2 8.9 42 SANTA CRUZ ISLANDS
82 68 46 39.5. 31.626 S 71.969 w 46 1 4.3 1.2 15 NEAR COAST OF CENTRAL CHILE ., "
82 11 81 81.4* 46.729 N 10.251 E le 8 6 NORTHERN ITALY. ML 2.4 (VIE).
82 13 02 57.3k 36.625 N 121.272 w 6 14 CENTRAL CALIFORNIA. <BRK>. ML 2.5 (ORK). ;
02 15 03 25 8 6.549 S 105.320 E 33 N 5.3 5.4 1.2 77 SUNDA STRAIT
02 17 57 35.1? 14.46 S 166.84 E 33 N 4.8 1 4 6 VANUATU ISLANDS
02 19 83 59 8? 22.64 N 94.59 E 153 * 4 8 1 3 22 BURMA I:;
82 28 68 57 4k 36.967 N 121.275 W 7 7 CENTRAL CALIFORNIA. <BRK>. ML 2.4 (ORK).
82 22 05 22 9? 14.48 N 119.64 E 33 N 4.5 1 4 5 LUZON. PHILIPPINE ILANDS
83 98 54 11 2? 38.61 N 22.18 E 33 N 8 a 13 GREECE
63 04 52 19.7? 59 99 N 152.82 0 33 N 8 5 6 SOUTHERN ALASKA ML 3.7 (PMR).
83 87 50 57.8 31.7e7 S 71.842 w 31 0 4.5 .. 1 0 28 NEAR COAST OF CENTRAL CHILE
83 08 17 16.5. 17.302 N 121.889 E 18 G 4 6 1 8 13 LUZON. PHILIPPINE ISLANDS
03 08 36 28 o 15 232 S 173.141 W 37 0 5 1 1 I 36 TONGA ISLANDS
e3 09 I 84.1 47.949 N 84.955 E 19 6.1 6 1 ! 0 282 KAZAKH-XINJIANG BORDER REGION. Ms 5 8 (BRK).

Mo-2 O.lee*t8 Nm (PPT) Eight people Injursd and about

588 buildings destroyed (VII) in the Akkol orea. USSR.

Felt (IV) at Ust-KamenogorSk and Semipalatinsk: (111)

at Pavlodar and Taldy-Kurgon. Also felt at Almo-Alo and

eorovov. USSR.
03 10 12 49 e 36 390 N 118.e97 w 5 G 1 e 19 CENTRAL CALIFORNIA. ML 3 7 (ORK)
03 le 28 45 3? 15 70 S 171.92 W 33 N 5 2 e 7 I2 TONGA ISLANDS
83 11 57 12 2 32 803 ; 4fl 237 E 33 N 5 1 4 5 I e 81 wESTERN IRAN Felt in the Andmoshk area
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43 11 56 05.6. 7.282 S 129.265 E 125 ? 4.6 1.5 16 BANDA SEA
63 43 42 03.3 16.276 N 120.63 E 10 G 4.6 0.5 ' 7 LUZON. PHILIPPINE ISLANDS
03 14 56 04.3 4.562 N 71.89 E 33 N 4.9 0.4 14 TAJIK SSR
03 15 07 17.1 32.088 N 48.364 E 33 N 5.0 4.1 0.9 38 WESTERN IRAN
*' 15 43 31.9 29.218 N 142.288 E 33 N 4.8 4.7 . 1.6 33 SOUTH OF HONSHU. JAPAN

16 55 03.2* 46.363 N 142.018 E 269 7 4.6 0.5 22 SAKHALIN ISLAND
, 23 55 54.2* 31.45 S 71.753 W 44 * 4. 1.3- 22 NEAR COAST OF CENTRAL CHILE
4 U 46 61'.'1 ? 43.60 N 146.91 1 -33 N 4.9 3.7 1. 10 KURIL ISLANDS

04 02 56 11.4? 6.68 S 147.76 E 33 N 6.4 6 EAST PAPUA NEW GUINEA REGION
64 03 58 53.3 45.599 N 26.370 E 160 .. 3.7 1.0 19 ROMANIA
04 05 05 37.2 .062 S 39.598 E 75 D 5.4 1,0 26 SOUTHERN SUMATERA
64 65 28 23.0. 15.984 N 120.457 E 76 ? 4.8 1.2 22 LUZON, PHILIPPINE ISLANDS

0t 08 31 51.5 26.934 N 125.386 E 225 D 5.1 0.9 79 NORTHEAST OF TAIWAN rs
34 63 33 25.4. 39.575 N 23.640 E 10 C 1.3 10 GREECE-ALBANIA BORDER REGION
04 03 19 23.9 1.269 N 123.116 E 33 N 5.2 4.5 1.1 37 MINAHASSA PENINSULA D p~ m~
04 It 6 0.2 25,133 N 141.169 E 171 0 5.1 1.6 84 VOLCANO ISLANDS REGION
04 12 52 30.3* 29.514 N 183.357 E 33 N 4.9 1.4 19 SICHUAN PROVINCE. CHINA
04 17 26 15.5 59.049 N 151.606 W 83 ? 3.4 It KENAI PENINSULA. ALASKA
04 20 38 19.4? 23.18 S 68.46 W 256 ? 3.8 6.9 7 NORTHERN CHILE
05 6f 45 37.7? 38.51 N 23.86 E 33 N 4.1 1.3 28 GREECE
65 61 34 57.5 29.513 N 137.596 E 516 0 5.9 0.9 170 SOUTH OF HONSHU. JAPAN. mb 6 5 (8RK). Felt (11 JMA) in

ports of Konto and Tohaku.
05 03 16 10.2 27.503 N 141.593 E 48 D 5.4 0.7 92 BONIN ISLANDS REGION. Felt (II JUA) an Chiehi-shlmo.
05 63 36 24.3 36.308 N 141.13 E 42 D 5.7 6.0 0.8 178 NEAR EAST COAST OF HONSHU. JAPAN. Felt (IV JMA) at Mita

and Choshi. (III JMA) at Fukushima. Onahoma and
Utsunomiya: (11 JMA) at Sendal. Tokyo. Chiba and

65 682 1.6&33.85 N 2163 W 36Yokohamo.

5 6 52 13.6&€ 36.855 N 121.638 IN 7 3.6 36 CENTRAL CALIFORNIA. <SRK>. ML 4.0 (8RK). Felt (IV) at
Aromas. Costroville. Chualar. Monterey. Son Juan
. autisto. Tree Pines and Watasnville.

05 67 13 61.3 35.088 N 139.042 E 37 5.4 4.5 3.6 96 NEAR S. COAST OF HONSHU. JAPAN. Fell (V) at Yokosuka.
05 07 24 36.6* 5.258 S 129.596 E 200 ? 4.8 1.2 15 BANDA SEA
05 67 58 32.8. 18.695 N 62.076 W 33 N 6.7 10 LEEWARD ISLANDS. MO 3.3 TRN). -
65 12 03 OW 13.448 N 61 435W 16 G 1.3 6 TRINIDAD. MD 2.9 (TRN), /
65 -12 13 47.e 14.657 N 31.589 W 67 D 4.4 1.1 38 GUATEMALA
05 13 10 11.3. 1.076 S 13.922 W 10 G 4.9 1.2 17 NORTH OF ASCENSION ISLAND
85 14 47 51.0 51.670 N 175.259 W 33 N 5.2 4.6 1.2 88 ANDREANOF ISLANDS. ALEUTIAN IS. Felt (IV) on Adak.
05 15 26 00.4? 15.21 N 121.25 E 10 G 4.9 1.6 18 LUZON. PHILIPPINE ISLANDS
05 17 42 32.2 1.013 S 13.962 W 16 0 5.6 8.2 1.1 125 NORTH OF ASCENSION ISLAND. M.o-5..1..18 Nm (PPT).
05 13 31 43 2 40.252 N 33.927 E 16 G 4.9 1.6 65 TURKEY. Felt in the Ankara area.
65 18 43 21.6 6.666 N 126.750 E 136 * 5.2 1 8 38 MINDANAO. PHILIPPINE ISLANDS
05 20 03 22.37 18.64 N 65.79 W 27 * 0.6 7 PUERTO RICO REGION
05 21 18 45.37 43.21 N 146.65 E 33 N 4.9 1.1 8 KURIL ISLANDS

21 27 01.7 33.366 N 116.325 W 5 G 8.8 16 SOUTHERN CALIFORNIA ML 3.9 (NEIS). Felt (IV) at

Borrego Springs and Warner Springs.
.. 21 32 25.9. 42.406 N I 036 E 16 G 9 9 PYRENEES. mbLg 3.3 (MDD). Felt (11) at Pablo de Segur.

SpaIn.
95 23 11 14 4 35.861 N 137.696 E 18 G 4.1 0.9 7 HONSHU. JAPAN
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U.S. DEPARTMENT Or THE INTERIOR NO..32-B1
OOGICAL SURVEYAU . 1
G I UPRELIMINARY DETERMINATION OF EPICENTERS .

DAY ORIGIN TIME GEOGRAPHIC DEPTH MAGNITUDES SD NO. REGION. CONTRIBUTED MAGNITUDES AND COMMENTS

UTC COORDINATES GS STA

NR MN SEC LAT LONG MS Msz USED

AUG Is,.

66 :2 38 41.1 16.204 N 126.569 E 39 0 5.3 4.4 0.9 76 LUZON. PHILIPPINE ISLANDS

66 03 26 16.1? 39.55 N 20.64 E 10 0 1.3 9 GREECE-ALBANIA BORDER REGION

06 03 29 02.6? 17.33 N 120.69 E 16 C 4.6 3.9 1.6 11 LUZON. PHILIPPINE ISLANDS

06 03 29 46.9? 43.03 N 16.21 E 16 G 6.8 10 CENTRAL ITALY

06 @3 40 11.57 7.35 S 123.99 E 149 7 4.2 6.6 9 BANDA SEA

06 05 59 25.51 43.994 N 7.542 E 10 G 0.4 5 NEAR SOUTH COAST OF FRANCE. ML 1.7 (GEN).

66 67 S 66.87 43.84 N 21.04 E 1 C 1.5 6 YUGOSLAVIA

O6 67 42 1.71 44.235 N 7.416 E 10 6 0.3 S NORTHERN ITALY. ML 1.9 (GEN).

66 63 40 @1.9 24.106 S 6.053 W 162 4.6 1.2 53 SALTA PROVINCE. ARGENTINA
66 11 23 4.3. 16.345 5 75.149 W 33 N 5.6 1.3 11 PERU
66 13 59 16.9. 59.143 5 159.277 E 1 0 4.9 4.6 1.6 8 MACOUARIE ISLANDS REGION

66 16 23 17.3 16.153 S 173.447 W 63 0 5.2 0.9 72 TONGA ISLANDS
O6 26 30 44.3 56.079 S 27.1154 W 111 D 5.6 1.0 33 SOUTH SANDWICH ISLANDS REGION
67 e0 62 67.3? 35.72 S 70.6 W 16 G 1.5 7 CHILE-ARGENTINA BORDER REGION
67 03 55 21.7 11.309 S 118.677 E 33 N 4.9 1.4 25 SOUTH Of SUMSAWA ISLAND
07 64 23 55.3t 16.04 N 121.37 E 33 N 4.4 0.4 7 LUZON. PHILIPPINE ISLANDS
07 656 5 58.4k 36.856 N 89.248 W 7 26 NEW MADRID. MISSOURI REGION. <SLM>. mbLg 3.6 (SLM).

Felt (IV) at Wyatt. Missouri and (111) at Wolf Island.
Missouri.

67 67 14 01.2? 19.01 S 65.47 E 10 0 5.1 4.9 0.1 7 MASCARENE ISLANDS REGION
@7 66 26 26.7. 64.379 N 146.442 W 33 N 1.6 5 CENTRAL ALASKA. ML 2.3 (PMR).
67 10 35 64.60 36.63 N 121.037 W 3 15 CENTRAL CALIFORNIA. <IRK>. ML 2.5 (IRK).
07 11 14 31.7 42.563 N 26.173 E 16 G 6.8 16 YUGOSLAVIA. ML 3.5 (TTG). Felt at Kukes. Albania.
67 13 49 43.6? 0.46 N 152.33 W 33 N 1.0 5 SOUTHERN ALASKA. ML 3.2 (PMR).
67 14 54 43.6* 42.603 N 144.094 E 37 * 4.9 4.0 1.1 24 HOKKAIDO. JAPAN REGION
07 18 31 47.00 36.67 N 121.317 W 3 21 CENTRAL CALIFORNIA. <1RK>. ML 3.6 (BRK). Mo-7.6916*14

Nm (ORK). Felt (111) at Aromas. Also felt at Moss
Landing.

67 18 57 25.9? 61.32 N 147.75 W 33 N 1.5 6 SOUTHERN ALASKA. ML 2.7 (PUR).
67 1 22 67.6. 11.264 S 64.743 E 16 C 5.1 4.5 1.1 18 MASCARENE ISLANDS REGION
17 1956 67.3. 6.667 N 126.339 E 88 * 4.4 1.1 13 MINDANAO. PHILIPPINE ISLANDS
6? 26 43 23.4. 22.215 N 126.714 E 65 7 4.3 1.1 11 TAIWAN
07 26 49 22.1 19.079 S 175.933 W 283 5.6 6.8 49 TONGA ISLANDS
67 21 35 0.7. 33.820 N 140.533 E 33 N 4.9 0.7 10 SOUTH OF HONSHU. JAPAN
07 21 44 67.1. 13.192 N 143.311 E 130 4.7 1.0 25 SOUTH OF MARIANA ISLANDS
67 22 34 22.6? 11.68 S 119.21 E 33 N 4.0 1.5 ? SOUTH OF SUMBA ISLAND
07 23 64 38.4* 40.673 N 13.697 E 1 G 1.4 6 ALBANIA. MG 3.1 (TIR). Felt at Vlora.
66 621 06.1 61.625 N 156.260 W 33 N 6.5 7 SOUTHERN ALASKA. ML 3.7 (PMR). Felt (Ill) at Palmer.
08 60 35 12.4 37.457 P 21 661 E 33 N 4.0 3.9 1.2 62 SOUTHERN GREECE
08 61 53 53.3- 61.523 N 151.121 W 33 N 6.5 6 SOUTHERN ALASKA. ML 2.9 (PMR).
0 86 17 63.4 10.922 N 61.157 W 10 G 6.7 6 TRINIDAD. MD 3.2 (TRN).
08 60 21 59.3? 46.21 N 27 45 E 33 N 1.0 5 ROMANIA -

08 1 I1 57.62 44.276 N 6.766 £ 10 G 6.5 7 FRANCE. ML 2.0 (GEN). . 0
0e 11 10 53.5? 35.87 N 139.45 E 156 ? 5.0 1.5 11 NEAR S. COAST OF HONSHU. JAPAN
98 12 18 25.1 6.426 S 129.966 E 151 ? 4.7 1.3 22 BANDA SEA
68 14 19 50.6 44.463 N 7.272 E I G 0.3 12 NORTHERN ITALY. ML 2.2 (LOG).
05 14 42 38.7. 8.471 N 103.259 W 16 G 5.2 5.0 1.4 39 OFF COAST OF MEXICO
08 14 43 32.9* 42.818 N 19.455 E 16 G 1.2 5 YUGOSLAVIA ' '

08 15 54 16.9 62.694 N 149.804 W 33 N 0.3 6 CENTRAL ALASKA. ML 3.3 (PMR).
08 19 27 08.1? 6.39 S 148 94 E 67 7 4.6 3.5 0.9 12 HEW BRITAIN REGION
08 19 38 21.17 15.17 N 120.58 E 16 G 4.3 1.3 7 LUZON. PHILIPPINE ISLANDS
V? 19 54 41.3. 14.917 S 166.298 E 33 N 5.0 4.3 1.0 28 VANUATU ISLANDS
08 22 01 93.57 9.92 N 103.32 w 10 G 4.4 1.2 16 OFF COAST OF MEXICO

et 23 27 46.4 16.261 N 120.631 E 20 4.9 4.4 1 1 44 LUZON. PHILIPPINE ISLANDS
V. 02 06 36.6k 19.340 N 155 110 W 8 4.8 41 HAWAII <HVO-P>. MO 4 9 (HVO). Felt (V) at Hilo, Honomu

and Pepeeko; (IV) at Volcano; (111) at Hanakao.
mountaln View, PoauiIo. Poholo and Poalo0.

09 02 36 33.9X 47.585 N 5 449 E 16 C e 6 5 FRANCE. ML 2.4 (LDG).
09 02 42 67.8? 15.61 S 172.90 W 33 N 4.7 0 6 21 SAMOA ISLANDS REGION
09 05 32 03.7. 60 536 N 151.885 W 33 N I 4 5 KENAI PENINSULA. ALASKA
09 86 28 24.9k 40.467 N 125 702 W 5 4.0 23 OFF COAST OF NORTHERN CALIFORNIA. <eRK>. ML 3.7 (IRK).
09 06 56 51.5. 13.155 S 112 048 W 10 C 5.1 4.6 0 9 38 NORTHERN EASTER I. COROILLERA
09 07 33 54.4 7.270 S 129.167 E 131 - 5.6 1 1 28 BANDA SEA

99 09 36 45.6. 7.798 N 126.516 E 85 * 4.7 0.4 8 MINDANAO. PHILIPPINE ISLANDS
09 69 52 32.2? 15.02 S 72.25 W 33 N 0.6 6 SOUTHERN PERU
09 11 01 58.9% 45.597 N 1.098 E 10 G 0 6 6 FRANCE. ML 2.2 (LOG).
99 13 08 50.3. 6.543 S 127 505 E 416 ? 4 6 0.8 9 BANDA SEA
09 13 15 51 9 34.327 N 119.651 W 5 G 0.7 15 SOUTHERN CALIFORNIA ML 3.0 (NEIS) Felt (I1) at Santa

Barbara

99 14 58 26.4? 12 44 S 76 97 W 1 G e 5 6 NEAR COAST OF PERU. Felt (IV) at Lima
09 17 53 44.8? 14 85 S 178 99 W 432 ? 4.3 e 2 7 FIJI ISLANDS REGION
09 18 12 47.12 31.689 S 117 e47 E 10 G 0.3 6 WESTERN AUSTRALIA
e0 1& 23 20.37 19.45 N 109.15 w 10 G 4 8 1.0 20 REVILLA GIGEDO ISLANDS REGION
09 18 26 44.1 36.679 N 2.455 E 10 C 8.8 31 ALGERIA mbLg 3..7 (MOD)
89 19 16 57 0 43.985 N 7.416 E 10 0 9 37 NEAR SOUTH COAST OF FRANCE ML 3 4 (GEN). 3 2 (LDG).
89 19 45 59.7. 37.194 N 33 821 W 10 G 4 4 I 2 20 AZORES ISLANDS REGION
09 23 65 06 1% 43.976 N 8 446 E 10 G 0 3 5 CORSICA ML 1 7 (GEN)
1e 80 16 17 3 4e.506 N 70 946 E 33 N 4.6 e 7 32 7AJIX SSR
10 61 51 19 5 0 064 S 122 924 E 177 D 5 3 1 I 66 MINAHASSA PENINSULA
10 02 50 89.8. 9.218 S 67 082 E 19 G 4 6 1 e 11 MID-INDIAN RISE
lb 65 37 52.0 20.166 S 168 277 E 47 D 5 9 5 6 e 8 126 LOYALTY ISLANDS Ms 5 9 (BRK)
le 06 15 87 6. 15 748 S 176 72: W 37 ? 4 8 0 8 :9 FIJI ISLANDS REGION
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I 8 08 29.41 63.85 N 144.79 2 33 N 0.3 5 CENTRAL ALASKA. ML 2.8 (PMR).
10 06 43 14.02 44.563 N 7.265 E 1 0 0.3 9 NOPTI.KRN ITALY. ML 2.0 (GEN).
10 11 07 46.* 5.237 N 143.110 W Is C 6.9 $ GULF OF ALASKA. ML 4.1 (PMR).
10 It 23 32.7 15.943 N 93.969 W 80 5.1 0.8 190 NEAR COAST OF CHIAPAS. MEXICO
10 I 41 36.06 18.186 S 178.013 W 477 4.9 1.0 39 FIJI ISLANDS REGION
10 14 32 22.3 16.533 N 128.967 E 0f C 4.71 1.1 9 LUZON. PHILIPPINE ISLANDS
1 14 34 86.0 43.063 N 8.445 E 1* 0 0.9 17 COPSICA. ML 2.8 (GEN). 2.7 (LOG).
10 15 000.7 57.300 N 33.036 W 10 C 4.6 1.1 87 NORTH ATLANTIC OCEAN
If 15 10 58.21 58.21 N 30.71 W 1 C 4.3 0.8 19 NORTH ATLANTIC OCEAN
10 15 44 29.3 0.315 N 126.163 E 38 0 5.9 8.9 1.1 128 MOLUCCA PASSAGE
10 16 33 25.5 17.576 N 121.369 E 31 4.7 1.2 23 LUZON. PHILIPPINE ISLANDS. Felt (11) at Santo.
10 14 49 07.5. 0.319 N 126.163 E 93 ? 4.9 1.5 16 MOLUCCA PASSAGE
10 17 47 39.3 10.677 S 177.520 WN 392 5.3 0.9 138 FIJI ISLANDS REGION. mb 6.1 (IRK).
16 I1 92 17.7 57.554 N 32.916W l IG 4.8 4.8 1.0 85 NORTH ATLANTIC OCEAN-
16 21 I1 48.7 6.535 N 60.243 E is G 5.4 5.2 1.1 96 CARLSBERG RIDGE
11 00 15 31.2? 16.23 S 178.73 E 33 N 4.9 0 12 FIJI ISLANDS
11 SO 20 53.9 44.000 N 8.387 E 10 G 0.4 11 CORSICA. ML 2.3 (GEN). 2.1 (LOG).
11 02 15 57.0. 34.399 N 24.959 E 33 N 4.1 1.5 35 CRETE
11 02 45 16.9. 6.069 S 136.389 E 127 7 5.1 1.1 39 BANDA SEA
11 02 59 84.0 0.071 S 78.520W 8 G 5.0 1.2 99 ECUADOR. At least four people killed. 18 Injured.

considerable damage and landslides In the PomaSqu.
area. Felt strongly at Ouita.

11 03 34 05.6. 0.291 $ 73.710 W 5 C 3.9 1.2 e ECUADOR 4
11 04 07 47.4X 43.984 N 8.395 E 1 G 0.3 7 CORSICA. M. 2.9 (GEN).
11 04 55 38.2. 28.416 N 127.385 E 21 0 4.5 1.3 14 EAST CHINA SEA
I 085 15 38.11? 36.06 N 24.47 E 72 7 3.5 8.8 8 SOUTH;N0GREECE
It 05 31 47.1. 47.365 N 7.911 L Is " 1.5 9 SWIT2ERLAN ML 3.3 (VIE). 3.1 (LOG).

11 Of 09 38.6. 18.34 N 183.271W 3 0 4.5 1.3 38 NEAR COAST OF MICHOACAN, MEXICO. Felt at Colima and
Ciudod Guzman.

11 06 43 10.1* 40.032 N 22.644 E 10 G 3.6 1.3 19 GREECE. ML 3.8 (SKO).
11 0648 40.8. 41.048 N 22.736 E If 0 6.7 9 YUGOSLAVIA. ML 3.6 (SKO).
11 07 20 54.9? 32.75 S 179.93 W 419 ? 4.7 1.0 8 SOUTH OF KERMADEC ISLANDS
11 07 49 10.47 5.16 S 140.74 E 318 I 4.6 1.1 10 NEW BRITAIN REGION
11 00 00 15.2 22.104 S 171.079 E 133 0 5.1 1.1 48 LOYALTY ISLANDS REGION

11 09 22 56.5 43.968 N 8.413 E 1 0 0.2 7 CORSICA. ML 2.3 (GEN).
11 10 25 46.0X 31.937 5 117.234 E 5 G 1.6 5 WESTERN AUSTRALIA
11 17 54 57.0 23.102 S 136.251 E 1s G 1.4 11 NORTHERN TERRITORY. AUSTRALIA
I1 1 16 41.6? 16.33 S 71.77 W 132 9 3.9 1.0 16 SOUTHERN PERU. Felt (11) at Arequipa.

I 21 09 40.6 16.466 N 120.364 E 33 N 5.2 4.3 6.8 91 LUZON. PHILIPPINE ISLANDS
11 21 53 02.36 36.303 N 121.557 W 2 19 CENTRAL CALIFORNIA. <IRK>. ML 2.6 (IRK)
I 22 04 32.4* 61.751 N 151.02 2 33 N 3.7 8.6 6 SOUTHERN ALASKA. ML 3 6 (PMR).
!1 22 32 23.1. 17.60 S 73.899 W 33 N 1.2 9 OFF COAST OF PERU
I1 23 17 30.0? 7.21 N 34.26 W It G 4.5 4.7 1.1 11 CENTRAL MID-ATLANTIC RIDGE
12 000 e 30.1 6.044 S 130.441 E 129 D 5.3 0.9 34 BANDA SEA
12 of 35 03.3 1 014N 28 52 1 6 8.2 5.1 6 9 99 CENTRAL MID-ATLANTIC RIDGE
12 01 43 05.8* 14.978 N 146.2 E 33 N 4.3 1 4 10 MARIANA ISLANDS
12 02 84 49.8 51.138 N 5.440 E IS G 0.9 19 NETHERLANDS. ML 3.1 (LOG) MD 2 7 (UCC)
12 03 04 15.2? 59.15 S 159.68 E 16 G 4.8 4.6 1.8 7 MACOUARIE ISLANDS REGION-

12 85 35 19.2? 0.45 S 83.45 W 33 N 1.1 9 NEAR COAST OF ECUADOR
12 87 25 51.4. 5 819 S 151 594 E 47 * 4.7 0 9 12 NEW BRITAIN REGION
12 87 81 88.2 13.281 N 143.946 E 146 8.5 1 0 116 SOUTH OF MARIANA ISLANDS
12 68 30 18.01 36.932 N 121 670 W 5 18 CENTRAL CALIFORNIA <BRK> ML 2.7 (BRY)
12 35 37 56.5k 36.927 N 121.683 W 11 17 CENTRAL CALIFORNIA. <BRK>. ML 3 3 (8RI,) Mo-2 2.10*..

Nm (BRK).
12 It 41 59.3% 43 146 N 3.819 E 10 G 0 a 5 NEAR SOUTH COAST OF FRANCE ML 2 8 (LOG)

12 11 88 84.60 44.436 N 148.778 E 33 N 4.6 e 7 is KUJRIL ISLANDS
12 13 83 25.4? 060.42 N 6.86 W 10 G 4.7 0.5 6 NORTH OF SVALBARD -e
12 15 19 83.8X 44.822 N 6 887 E 5 G 8.6 6 FRANCE ML 1.9 (GEN). t /
12 18 22 32.3. 43.845 N 16.781 E 18 G 1 2 7 YUGOSLAVIA rt
12 21 28 22.7 19.421 S 169.0580 E 144 0 6.4 1.2 137 VANUATU ISLANDS
12 21 38 55.6 49.838 N 7.221E I G 0 7 11 GERMANY ML 3.1 (LOG) MD 2.7 (UCC)
12 22 54 16.5 43 012 N 17.793 E i G 0 a 9 YUGOSLAVIA

12 23 90 17.0 43 024 N 17 762 E 10 G 4.3 1.6 77 YUGOSLAVIA MD 4 1 (TIG) Felt (V) n ttt C\,1
ar o.

13 00 8 87.9? 20.71 S 168.36 E 34 D 4 9 1 1 17 LOYALTY ISLANDS

PreLiminary Map of Epicenters LLotd in this PDE
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DeploVment Depths ond Times, Rug 90, 1st DeploVment
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Sound Speed Profile from GOEM
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Aug 1990, 1st Deployment Data Screening Results

record internal # of bytes first pass pass # of failed

number record written missing header range acoustic
number resync checksum? checksum? checksums?

Float 0
797 1436 7018 0 yes yes 1
798 2060 1 no no 16
800 1438 7818 0 yes yes 1
801 1250 1 no no 8

1602 2238 0 0 yes yes 0

Float 1
408 1047 9766 34 yes yes 57
810 1449 4072 0 yes yes 1
811 4952 1 no no 43
1627 2265 8896 0 yes yes 1
1628 198 1 no no 1
1630 2266 0 0 yes yes 0

Float 2
I125 764 9766 59 yes yes 32

1592 2230 0 0 yes yes 0

Float 3
1157 9768 1 no no 88
1544 2182 0 0 yes yes 0

Float 4
788 1427 3718 0 yes yes 1
789 3674 5348 1 no no 46
1586 2223 0 , yes yes 0

Float 5
84 723 5196 0 yes yes 1
85 5640 1 no no 49

688 1326 7138 0 yes yes 1

1 igure IV.la
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Aug 1990, 1st Deployment Data Screening Results

record internal # of bytes first pass pass # of failed
number record written missing header range acousticnumber resync checksum? checksum? checksums?

689 1938 1 no no 15
1580 2216 0 0 yes yes 0

Float 6
523 1162 9764 76 yes yes 15
1548 2186 0 0 yes yes 0

Float 7
1056 1695 6716 0 yes yes 1
1057 3426 1 no no 29
1555 2192 0 0 yes yes 0

Float 8
234 873 9766 0 yes no 0
315 0 2 0 no yes 0
316 -577 288 1 no no 0
317 468 1 no no 0
318 6442 1 no no 57
1535 2170 0 0 yes yes 0

Float 9
362 1001 9766 5 yes yes 86
365 1004 9768 0 yes yes 1
366 1005 9766 13 yes yes 55
374 1013 9796 2 yes no 88
1167 1806 9766 25 yes yes 66
1557 2195 0 0 ye,- yes 0

Float 10

379 1018 9766 4 yes yes 87
1161 1 9768 1 no no 88
1550 2188 0 0 yes yes 0

Figure IV.lb
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Aug 1990, 1st Deployment Data Screening Results

record internal # of bytes first pass pass # of failed

number record written missing header range acoustic
number resync checksum? checksum? checksums?

1559 2198 0 0 yes yes 0

Figure IV.lc
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Floot 0, Rug 90, 1st Dep: surfoce % bottom bounces
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Float 1, Aug 90, 1st Dep: surface & bottom bounces
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Float 2, Aug 90, 1st Dep: surf ace bottm bounces
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Float 3, Rug 90, 1st Dep: surfoce bottom bounces
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Floot 4, Rug 90, 1st Dep: sur'foce & bottom bounces
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Float 5, Rug 90, 1st Dep: surface % bottom bounces
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Floot 6, Pug 90, 1st Dep: surf oce %bottom bounces
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Floot 7, Rug 90, 1st Dep: surfoce & bottom bounces
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Fl~oot 8, Rug 90, 1st Dep: surfaoce & bottom bounces
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Floot 9, Aug 90, 1st Dep: surfoce & bottom bounces
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Float 10, Aug 90, 1st Dep: surfoce & bottom bounces
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Float 0, Aug 90, 1st Dep: ronge from floot 1
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Float 0, Aug 90, 1st Dep: ronge from £ loot 2
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Floot 0, Rug 90, 1st Dep: ronge from floot 3
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Floot 0, Rug 90, 1st Dep: ronge from flool 4
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Floot 0, Rug 90, 1st Dep: ronge from £ loot 5
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Float 0, Aug 90, 1st Dep: range from floot 6
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Floo± 0, Rug 90, 1st Dep: ronge from floot 7
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Fot0, Rug 90, 1st Dep: ronge froam f loot 8
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Floot 0, Rug 90, 1st Dep: ronge from floot 9
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Flot 0, Rug 90, 1st Dep: ronge from float 10
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Fl'oot 0, Rug 90, 1st Dep: range from float 11
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Float 1, Aug 90, 1st Dep: range from f loot 0
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Floot 1, Rug 90, 1st Dep: ronge from floct 2
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Float 1, Aug 90, 1st Dep: range from float 3
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Floot 1, Aug 90, 1st Dep: range from floot 4
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Float 1, Rug 90, 1st Dep: ronge from f loot 5
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Float 1, Rug 90, 1st Dep: range from float 6
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Float 1, Rug 90, 1st Dep: ronge from Mloot 7
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Floot 1, Aug 90, 1st Dep: ronge from floot 8
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Floot 1, Rug 90, 1sf Dep: ronge from £ loot 9
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Float 1, Rug 90, 1st Dep: ronge from floot 10
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Floot 1, Rug 90, 1st Dep: ronge from Rloot 11
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Floot 2, Aug 90, 1st Dep: ronge from floot 0
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Floot 2, Rug 90, lst Dep: ronge from floot 1
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Float 2, Aug 90, 1st Dep: ronge from 'loot 3
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Floot 2, Aug 90, 1st Dep Spectro vs Time
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Float 7, July 1989 Average Energy Density Spectra
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Float 0, Aug 90, let Dep Average Geophane Conprntn Spectra
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Float 6, Aug 90, 1st Dap Average GeaOxhne Cworrmout Spectra
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Float 8, Aug 90, lIt Dip Avorage Gsophon Coirnht Spectra
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